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ABSTRACT

Environmental Resources Management Studies
of the Kissimmee River Basin

By

Wayne C. Huberﬁa James P. Heaney,a
Philip B. BedientP and Jerry P. Bowden®

The 2,300 square mile Kissimmee River Basin (KRB) in central
Florida is undergoing pressure for rapid expansion due to both
urbanization and agricultural activities. The Central and Southern
Florida Flood Control District (FCD) and other regulatory agencies
are faced with the need for management decisions from the standpoint
of environmental control as well as flood control and water use.

The river is also the major tributary to Lake Okeechobee; hence,
basin activities affect the integrity of this vital resource for
South Florida.

This study first describes the transition of the KRB from a
status typified by natural vegetation with low intensity agricul-
ture to one increasingly characterized by intensive agriculture and
urbanization with associated water quantity and quality problems
caused primarily by drainage practices. The ramifications of chan-
nelization of the lower Kissimmee River (Canal C-38) and other flood
control and water management projects of the 1960's are discussed.

Management alternatives are considered in three phases: (1}
iand use analysis, (2} hydrologic and water quality analysis, and
{3) znalysis of storage/treatment capabilities of natural systems.
The jand use analysis utilizes a linear programming model for appor-
tiommant of land among different uses and over different soil types
on the basis of agricultural demands, costs and constraints. A
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runoff constraint is also provided. Reliance is placed on Soil
Conservation Service (SCS) and other USDA sources for projections
and production data. Results are presented for possible 1980 and
2020 conditions, although these are recognized simply as possibili-
ties. Present (1972) and 1958 land use apportionment is also pre-
sented.

Hydrologic analysis for the lower basin is performed by genera-
tion of surface and subsurface runcff in the model HLAND, which is
then coupled to a Muskingum routing model for the Kissimmee River.
HLAND generates runoff from the depressional watersheds characteris-
tic of the XRB via the technique of Thornthwaite and Mather, modi-
fied to produce base flow as well. Verification of the model is
illustrated and direct correlation with drainage density is shown.
Natural and present drainage densities for the lower KRB are about
1.6 and 5.1 miles/square mile, respectively. Details of drainage
density measurements are given.

Water gquality, as illustrated by concentrations of total phos-
phorus, is shown to decrease as drainage density increases. Increased
surface loadings due to fertilization and cattle are also a factor.

Lakes, swamps, marshes and reservoirs act ag storage/treatment
devices because of attenuation of both flood peaks and pollutant
concentrations. The latter effect may be characterized through
the detention time, T, during which uptake of pollutants may occur
via biological, chemical or physical processes. The magnitude of
this effect is illustrated in a detailed simulation of flow and
quality attenuation through Chandler Slough in the lower basin.
Significant peak flow attenuation is accomplished when at least
15 percent of the surface area remains as lakes or marshes. The
percent of treatment of runoff decreases with increasing drainage
area/treatment area rates. Upper basin lakes illustrate the same
pellutant concentration reduction as flow travels through them. A
detailed examination of Lake Tohopekaliga is presented in which the
importance of maintaining the natural hydroperiod (stage fluctuations)
iz emphasized.

Detention times for surface and subsurface runoff are derived
for the lower basin in connecticn with analysis of the effects of
C-38. The most significant reduction in these times appears to be
caused by upland drainage, since average travel times in C-38 are
not reduced from the pre-channelized conditien.

Management for environmental quality focuses upon maintaining
high propertions of subsurface flow, high detention times and natural
hydroperiod, and upon utilization of natural marshes and swamps for
water quantity and quality control. A logical area for first appli-
cation of such strategies is in the lower basin south of structure
565-C since this area is intensively drained and shows high pollutant
loadings.
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I. INTRODUCTION

The competition for water among various users has reached new
levels as growth rates continue to accelerate, Agricultural and
urban demands for increased water use have far-reaching effects from
economic, social, and environmental standpoints. The problem of
determining an acceptable distribution of water quantity for all
competing users is difficult in itself, but add to that the immense
complexity of maintaining high levels of water quality at the same
time, and the problems seem insurmountable.

Environmental resource planners are being asked to solve these
very problems in a way that maintains economic productivity along
with environmental quality. In addition, solutiens should not favor
any one group at the expense of another. There is hope that waste
treatment and recycling will allow users of water, e.g., municipal,
industrial, agricultural, recreational, and ecological, to exist
harmoniously within the same region. The reality of the trade-offs
which exist between continued economic productivity and environmental
quality should indicate to what extent harmonicus conditions are
possible. There is no doubt that sacrifices will have to be made in
one or both of these goals.

The problem to be investigated here revolves around the questicn
of balancing agricultural and urban expansion with environmental
quality, measured as hydrologic and water quality responses in a river
basin. It is therefore necessary to define parameters which describe
wast, present, and projected rates of expansion. Measured changes in
land use and drainage patterns in a river basin provide a useful
starting point for estimating the impact of alternative future levels
of development.

The prediction of associated hydrologic and water quality
responses which exist under present land use regimes, and which may
result under some future condition presents a more complex problem.
such cause-effect relationships are only now being addressed by
srvironmental resource planmers. It is first necessary to dzfine
indices of envirommental gquality which can be measured or predicted.
Secondly, the environmental responses must be related to land use and
drainage patterns so that a variety of interactions can be evaluated.
Finally, the question of controls or constraints on these indices
wmust be addressed so that trade-offs between economic expansion and
environmental quality can be quantified. The above concepts are intro-
duced here and extended and quantified in later sections.



During the past two years, intensive studies by several agencies,
university groups, and consultants have been underway to examine prob-
lems associated with Lake Okeechobee and its drainage basin which
includes the Kissimmee River Basin. This report deals with a water
resources investigation of the Kissimmee River Basin. Included in
this analysis is an evaluation of the extent to which the channelization
of the lower Kissimmee River has caused water quality problems in Lake
Okeechobee. The remainder of this report summarizes the findings.



Li. ENVIRONMENTAL RESQURCES IN THE KISSIMMEE RIVER BASIN

DESORIPTYWN OF THE BASIN
Introductinon

The “issimmee River Basin is located in the central portion of
peninsular Florida between the Peace River Basin to the west and the
$c. Johns River Basin to the east. The river originates near Orlande
and passes through a series of shallow lakes in the upper reaches
before emerging south of Lake Kissimmee as a channelized (early 1960's)
river. It then flows south to Lake Okeechobee through a relatively
narrow flood plain (see Figure 2.1).

The basin can be conveniently divided at the outlet of Lake
Kissimmee into upper and lower sections. The upper lake system
includes 881,000 acres of land and 130,400 acres of surface water
waile the lower river system includes 472,900 acres of land and 1,900
acres of surface water.

Parts of seven counties are within the boundaries of the basin
as showa in Figure 2.1. The area has been partitioned into 18 sub-
areas based on the Soil Conservation Service divisions. Planning
units in the upper basin are designated as lake units and those in
the lover basin as river units. Much of the following discussicn is
summarized from a report on the Kissimmee-Everglades area by the Seil
Conservation Serviee (1973).

Climate and Rainfall

The climate of the basin is subtropical with a mean annual
temparature of 72.5 degrees at Orlando. The temperature is fairly
uniform over the basin during the summer months, while many winters
pass witiout the frost or freezing temperatures. The average growing
season, or period between killing frosts, varies from 300 days around
Jrelando Lo 365 days south of Lake Okeechobee.

Farnfall over the basin varies seasonally and by lecaticun,
although the area has a fairly uniform average annual rainfall of
approximately 52 inches with over 60 percent falling between June
and October. The distribution of average monthly rainfall and
temperature in the northern and southern part of the basin is shown
in Figure 2.2.
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Physical Geography and Geology

The topography of the basin is dominated by the central ridge
of relling hills along the western edge with elevations exceeding
100 feet above mean sea level (Figure 2,.3). Drainage is principally
into the thick, sandy soils. The area east of the ridge consists of
a large, flat, swampy, pine forest interspersed with many shallow
lakes with elevations between 50 and 100 feet mean sea level. The
lowest elevations in the basin occur along the Kissimmee River flood-
plain marsh south to Lake Okeechobee. Numerous sloughs and small
lakes drain the wet prairie adjacent to the narrow flood plain and
ground water i1s near the surface over much of the area.

The geologic formatious of the basin are entirely sedimentary.
The uppermost stratum is the Ocala limestone which serves as the
principal artesian aquifer for ground water in the basin. The
Hawthorne formation is relatively impervious in most locations and
forms a seal over the underlying limestone. The primary recharge
area for the artesian Floridan aquifer is in Polk County, west of
the Kissimmee River Basin.

A shallow aquifer system exists in the Pleistocene deposits
in the basin within 100 feet of the surface. Recharge of nonartesian
ground water is mostly from local rainfall. The groundwater table
generally follows the topography of the land in flat areas, and may
fluctuate up to five feet in elevation between wet and dry seasons
of the year.

Water Resources

The Kissimmee River Basin contains vast quantities of fresh
water available as growmd water and as surface water in lakes and
streams. The upper basin consists of many shallow lakes and several
major streams draining both urban and agricultural areas. Reedy,
Shingle, and Boggy are the more important creeks south of Orlando and
Disney World (Figure 2.1). Recent studies indicate that Shingle Creek
has the most severe water quality problems due to mutrient loading
from several sewage treatment plants {Qrange County, 1973).

The lakes of the upper basin provide more than 150 square miles
of surface water area as shown in Table 2.1. Numerous smaller lakes
scattered throughout the Kissimmee Valley provide additional storage
capacity. Water quality problems are most noticeable in Lake
Tohopekaliga which receives heavy nutrient loads from sewage plants
in the area. A recent drawdown of the lake to improve fish and wild-
life habitat and water quality resulted in partial success (Florida Game
and Fresh Water Fish.Commission, 1972). As one proceeds south through
Lakes Cypress, Hatchineha, and Kissimmee, the quality of water generally
improves,
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Table 2.1. Surface Area of the Larger Lakes in Kissimmee-
Everglades Area (SCS, 1973a)

Lake Surface Area (sq mi)
Okeechobee 717
Kissimmee 47
Istokpoga 42
Tohopekaliga 26
East Tohopekaliga 16
Weohyakapka 11
Hatchineha 10

Table 2.2. Land by Capability Class in the Kissimmee River Basin

Water Problem Class Z of Basin Area
(Land Capability Classes) (1000 Acres)
1 8.9 132.7
(I, II, III)
2 68.6 1024.7
(xv)
3 12.5 186.4
(v, vI)
4 10.0 149.2

(VII, VIIL)

Total 100.0 1493.0




The lower basin section of the Kissimmee River znd adjacent
crainage areas convey an average annual runoff of 10 inches to Lake
Okeechobee. The average annual rainfall of 53 inches on Lake
Okeechobee is approximately equal to the evaporation from the iake
surface, and therefore most of the water supplied to the lakes comes
from the Kissimmee River flow. The Kissimmee River drains mostly
agricultural pasture, crops, citrus and natural slough systems.
dater quality in the channelized river has become a serious problem
in recent years based on extensive monitoring programs on the river
as well as in Lake Okeechobee, which is considered to be in an early
eutrophic condition (Joyner, 1971).

Lake Okeechobee, with over 700 square miles of surface area,
is by far the largest lake in the region., It is regulated by control
structures on outlet canals to maintain elevations between 15.5 and
17.5 feet (MSL). The stored water is used to irrigate farmland,
supply the Everglades National Park with at least 315,000 acre-feet per
year, and recharge the aquifers of Broward, Dade and Lee Counties for
water supply purposes. The quality and quantity of water in Lake
Okeechobee is thus an extremely important issue for all of South Florida.

Soils

The solls of the basin range from deep, excessively drained
sandy soils on the ridges to very poorly drained swamp soils in the
lowland areas. The general soilsmap (Figure 2.4) shows the distri-
bution of five major groups of soils for the Kissimmee River Basin.

Detailed soil surveys have been completed by the Soil Conser-
vation Service for Orange and Okeechobee Counties (SCS, 1960,1971),
while the survey for Osceola County is nearing completion. These
surveys provide a basis for estimating the location and extent
of the most significant soil types within each lake or river planning
unit for most portions of the basin.

50ils are grouped into larger units such as land capability
cizssifications for various kinds of interpretations (SCS, 1961).
This classification 1s based on the soil's capability to produce
crops and pasture plants without long-term deterioration. Sub-
classes are groups of capability units within classes that have the
gzme kinds of limitations for agricultural use such as erosion (e},
wetness and poor drainage (w), and root-zone problems (s). The approxi-
mate amoutts of land in terms of capability classes and subclasses in
the basin are listed in Table 2.2.

Vegetation

Natural vegetation in the basin is directly related to climate
and 8cils. The vegetation map in Figure 2.5 shows the distribution
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of various types throughout the basin. The central ridge is dominated
by forests of longleaf pine, pinus palustris, and turkey cak, Quercus
laevis, with wire grass as a common ground cover. Many former areas of
this type have been converted to citrus groves.

The low, flat area east of the ridge and in the eastern parts
of Orange and Oscecla Counties is composed of the pine flatwood
community. Open woodlands include one to three species of pine:
longleaf, slash, or pond pines. Many herbs, saw palmetto, shrubs,
and small trees from the understory, and small hardwood forests,
cypress swamps, and wet prairies are interspersed in depressions or
along drainage ways.

A wide band of wet prairie grassland dominates border regions
of the large upper basin lakes and adjacent drainage areas along
the Kissimmee flood plain. Swamp forests, mostly hardwoods, border
streams in northwestern Osceola County and line the narrow strip
along the Kissimmee River flood plain. Many former wet prairies
have been drained and converted to improved pasture, especially
along the river. Dry prairie grasslands exist throughout the basin.

Fish and Wildlife Resources

The lakes furnish some of the finest fishing in Florida,
especially for large mouth bass, bluegill, black crappie and redear
sunfish. Lake Kissimmee and the Kissimmee River are rather distantly
removed from population areas and receive less fishing pressure than
the upper lakes. The river is productive from the standpoint of a
bass fishery (Florida GFWFC, 1957).

Waterfowl populations vary considerably from one lake to another
and Lakes Kissimmee, Tohopekaliga, Cypress, Istokpoga, and Hatchineha
winter the bulk of the waterfowl in the basin. Pesak populations
generally occur in January, and ringneck ducks tend to be the predomi-
nant species. A comparison of the waterfowl population with the
magnitude of fluctuation of lake level from August to January indi-
cates a significant correlation because shoreline vegetation must
be inundated before it is available to waterfowl (Florida GFWFC, 1957).

WATER AND LAND RESOURCE PROBLEMS

Agricultural Land

Most of the soils of the Kissimmee River Basin have excess
water hazards for agricultural or urban use. Some relatively wet
soils are suitable for unimproved pasture or forest production, but
require drainage for production of more intensive crops such as pas-
ture, vegetables, or citrus. Most of the soils which are drained of
excess water are used for improved pasture in the basin.
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The naturai surface removal rate of storm water is slow, and
although inundation is shallow, flooding is characterized by long
duration. Flooding cavses damage to crops and imprcved pasture by
affecting yields and creating delays in harvesting. Agricultural
lands that suffer from flooding in the wet season of June te October
are alsc affected by droughts during periods of low rainfall. Avail-
ability cf water i1s ome of the most pressing problems affecting agri-
cultural productivity.

Soil erosion and sedimentation are of minor importance in the
basin due to the extremely flat topography. Areas of organic peat
and muck which are drained for agriculture are subject to subsidence
at a rate of about one foot in ten years, Drainage allows the organic
5¢1il to oxidize in an aerobic environment, and at present oxidation
rates, the organic soils south of Lake Okeechobee are expected to he
used up by 2020. This will present a problem because the area supplies
a major share of the nation's fresh vegetables during the winter
months, as well as sugarcane and beef cattle (SCS, 1973a).

Urban Land

The problems associated with the use of land for urban purposes
generally result from the same conditions which contribute to agri-
cultural problems. Periods of heavy rainfall on flat, poorly drained
urban areas cause flood damages. But many of the residential areas
are poorly planned, with inadequate provisions for drainage or flood
proofing. Developments have been allowed to build in flood-prone
areas with poorly drained soils.

Planned developments, which involve large tracts of land in the
basin, also create problems because increased runoff rates from streets
and paved areas cause additional flooding downstream of the development.
Thus tne problem of excess water is transferred offsite to a more
vulnerasble downstream user. On-site storage of excess runoff water
appears Lo be one possible solution for the water problems inherently
associated with rapid urban development.

Hatural Land

Land in the basin includes forests, marshes, swamps, and grass-
lands which are generally uninfluenced by man's activities. In the
post, narshes have been drained for improved pasture, and forests have
been cut over for short-term returns. The present environmental con-
sciousness has created a new awareness for the natural system,
especially wetland areas with high biological productivity. Marsh and
swamp systems are being studied intensively to determine their structure
and function as water storage areas, waste treatment units, and fish
and wildlife sanctuaries (Odum, 1971; EPA, 1973a; Shih and Hallett,
1874}, '
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Competition for available natural land among urban, agri-
cultural, and preservation interests is the key environmental prob-
lem in the Kissimmee River Basin. The ultimate balance which is
achieved among these three interests will determine to a large
extent future levels of water availability, water quality, flood
damages, economic productivity, and a host of other related param-
eters,

Water Availability

Large quantities of surface and subsurface water are located
in the basin, but rapidly increasing demands by agricultural, muni-
cipal, recreational, and industrial uses may create problems in the
future.

South of Lake Okeechobee the chloride and sulfate comncentra-
tions in the deep Floridan aquifer are too high for most uses. These
concentrations are a result of salt water remaining in areas which
were formerly inundated by the ocean. The Floridan agquifer is of
high enough quality for municipal and agricultural uses im the
Kissimmee River Basin.

Numerous lakes in the upper basin provide large amounts of sur-
face storage. Lake Okeechobee and Lake Istokpoga are the major
sources of surface water used by agriculture. Lake Okeechobee is also
utilized to meet the needs of the Everglades National Park and to
recharge shallow aquifers on the east and west coasts. In very dry
years, the demand for the lake water exceeds the supply, and as urban
areas continue to expand along the coast, the problem of water alloca-
tion will become more acute.

The majority of water used for irrigation in 1968 came from
subsurface sources in the Kissimmee River Basin, while south of Lake
Okeechobee most of the supply was from surface storage. According
to Soil Conservatlion Service projections, irrigation water requirements
are expected to increase along with agricultural expansion, especially
in the Kissimmee Basin (5CS, 1973a). Table 2.3 presents the projected
irrigation requirements by county in the Kissimmee-Everglades area for
1968, 1980, and 2020. According to the SCS, organic scils south of
Lake Okeechobee will be depleted to the point where farming operations
are no longer feasible by 2020, and the Kissimmee Basin is projected
to increase agricultural productivity to make up the difference. Irri-
gation requirements for Glades, Highlands, Okeechobee, Osceola and
Folk Counties register large increases between 1980 and 2020 as shown
in Table 2.3. Other counties south of Lake Okeechobee will undergo
decreases in irrigation use as the organic soils are depleted.

The allocation of available water resources among competing users
depends to a large extent on the land-use changes which are projected



Table 2.3,

Acres Irrigated — Kissimmee-Everglades Area — 1968, 1980, 2020
(1000 Acres) (SC5, 1973a)

1368 1980 20320
County Crops Pasture Total Crops Pasture Total Crops Pasture Total
Broward a 24,4 31.2 55.6 19.9 22,3 42.2 6.1 2.9 9.0
Charlotte 4.4 4.5 8.9 9.0 7.7 16.7 6.3 17.9 24.2
Collier 21.4 4.8 26,2 22.4 7.0 29.4 25.0 65.5 90.5
Dade 41.4 6.3 47.7 49.1 5.9 55.0 31.9 0.7 32.6
Glades 13.6 33.2 46.8 20.0 42.9 62.9 95.3 90.8 186.1
Hendry a 53.6 45.4 99.0 59.3 70.4 129.7 207.3 130.1 337.4
Highlands 37.5 26.7 64.2 51.0 42.0 93.0 146.3 69.3 215.6
Lake? 3.5 ——— 3.5 4.5 ——— 4.5 5.1 0.2 5.3

Lee 17.6 5.8 23.4 18.2 8.1 26.3 ————
Martin 47.0 19.7 66.7 53.4 27.1 80.5 103.3 52.8 156.1
Okeechobee® 3.1 14.8 17.9 3.4 21.2 24.6 60.0 53.2 113.2
Orange? 10.7 0.1 10.8 153.3 1.4 16.7 2.5 0.8 3.3
Osceclad 13.2 2.1 15.3 18.3 6.5 24,8 34.1 37.9 72.0
Palm Beach 298.2 127.3 425.5 345.2 138.3 483.5 102.8 82.0 184.8
Polk® 40,2 1.5 41.7 51.7 2.8 54.5 57.9 14.5 72.4
St. Lucied 52.3 9.4 61.7 39.4 18.5 77.9 90.7 38.8 129.5
Total 682.1 332.8 1014.9 800.1 422.1 1222.2 974.6 657.4 1632.0

fpartial county.
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to occur in the basin. Subsidence of the organic soils and the
shift of agricultural activity to mineral soils of lower productivity
requires increased acreages to attain projected levels of production,

By assuming that agricultural productivity will meet projected
levels for the whole Kissimmee-Okeechobee area, the Kissimmee River
Basin will come under increasing developmental pressure from agri-
cultural interests. Irrigation, drainage, flood control, and
production needs will compete with the needs of other users. Muni-
cipal, recreational, and preservation interests alsc require a share
of the available water resources. An equitable arrangement among
competing users will certainly include a longer term objective than
simply maximization of economic productivity. Other considerations,
such as the influence of land use changes on runoff, downstream
flooding, and water quality, should be included in the overall evalu-
ation as will be discussed in subsequent chapters.

Flood Controel Plan

In October of 1956 the Corps of Engineers (COE) released a
general design memorandum (COE, 1956) on the Kissimmee River Basin.
It cited the need for flood control and water conservation in the
basin. Due to prolonged seasonal rainfalls, inadequate gecondary
drainage canals, and limited outlet capacity, large areas of the
watershed were periedically flooded. Tropical hurricanes, which
usually occur during the rainy season, also served to intensify the
problems. Extensive and costly flooding occurred numerous times
before the publication of the GDM, e.g., years 1945, 1947, 1948,
1951, and 1953, and the expanding agricultural economy in central
Florida indicated that the flood damages would only increase in the
future.

An overall plan proposed for flood control and water conser—
vation in central and southem Florida was to be maintained by the
Central and Southern Florida Flood Control District (FCD). This area
comprises about 15,000 square miles and extends from Orlando to the
Everglades National Park. The plan provided for channelization and
control structures on the Kissimmee River and below the larger upper
basin lakes. These lakes included Mary Jane, Preston, Alligator,
Gentry, East Tohopekaliga, Tohopekaliga, Hatchineha, and Kissimmee.
These works were to provide flood water storage to reduce the rates
of runoff to the Kissimmee River as well as to conserve flood waters
and maintain a favorable groundwater table for water supply during
the periods of deficient rainfall.

The system of canals and control structures was to perform the
following functions:
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1. Remove a l0-year flood runoff from the lower
basin watershed area.

2. Provide sufficient regulation capacity for the
lakes in the middle and upper basin to limit
the rise in lake stage during the 10-year flood
to two feet or less.

3. Provide sufficient regulation capacity for Lake
Kissimmee to prevent maximum stages resulting
from occurrence of the standard project storm
from exceeding those stages that could be
expected under existing conditions.

4. Provide capacity in the Kissimmee River for the
10-year flood discharge from Lake Istokpoga.

5. Provide water control for the basin to maintain
the lakes at desirable elevations, approximating
the present mean stages.

6. Provide for navigation of the Kissimmee River and
all lakes in the upper Kissimmee River Basin.
Locks were to be provided at each control struc-—
ture on the main waterway between East Lake
Tohopekaliga and Lake Okeechobee.

7. Maintain levels in the lakes of the upper
Kissimmee River Basin Iin consideration of
recreational and fish and wildlife interests.

There would be a total of 11 canals, 16 water-contrel styuctures,
3 locks and 12 boat lifts. Secondary drainage structures were planned
at all inflow points. Excavated material would form spoil banks along
the canal. Six structures, designated S§-65, 65A, 65B, 65C, 65D, and
£5E, were to be constructed in the Kissimmee River for water control
and vegulation (see Figure 2.1). Tieback levees would prevent flow
frem bypassing structures during floods greater than the design flood.

The Florida Game and Fresh Water Fish Commission (GFC) agreed
that the above plan would meet the flood control, water control, and
navigation requirements of the entire area under consideration. The
Gre felt, however, that the plan would not provide optimal conditions
for fish and wildlife. It therefore released a recommended prigran
for the Kissinmee River Basin which would provide for fish and wild-
life interests (Florida GFWFC, 1957).
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The GFC first presented a biological report on the basin. This
was followed with an economic study of the value of fish and wildlife
in the basin. The COE plan would result in minimum fluctuation in
lakes in the Kissimmee River Basin, when compared to the natural
seasonal fluctuation of up to 10 feet. Fish and wildlife benefits are
increased by seasonal fluctuations according to the GFC and they indi-
cated that fluctuations of about 4 feet would be satisfactory to fish
and wildlife interests.

The GFC also conducted a study of the upper basin lakes to
determine the effects of lake fluctuation and flood duration on the
waterfowl in the area, The duration is a primary factor in determining
the location and abundance of various species of submerged vegetation
which serve as food for the waterfowl. It was estimated that the
waterfowl populations could be reduced by as much as 75 percent if the
seasonal lake fluctuations did not occur. Thus variable lake levels
were provided for in the COE plan. Although the GFC felt that the
magnitude of fluctuation was adequate to maintain waterfowl values,
they believed that the regulation schedule was not ideal for many of the
vegetative species upon which waterfowl are dependent,

The GFC also expressed a similar interest in lake fluctuation
for the fish resource. In conjunction with fishing and other forms of
water recreation, the Commission indicated a need for flexibility in
the operation of the locks along the canal or even self-service of the
lifts by the public. They recommended that the natural channel and
oxbows in the Kissimmee River be left open rather than sealed off as
these waters are very productive for fish populations.

The flood control plan proposed by the COE, and somewhat amended
by the GFC, was adopted and implemented in the early 1960's. The
plan transformed the upper lakes into controlled reservoirs, and turned
the Kissimmee flood plain into a channelized floodway governed by six
control structures, With the coming of flood control to the upper lakes
and lower basin, it was possible to transform flood plain marsh and nature
range into improved pasture through drainage activities.

Environmental Concerns

After completion of the channelization project on the Kissimmee
River Basin, objections were raised by ecologists and conservation
groups over the destruction of a unique natural meandering river and
its rich marshes, and the decline of fish and waterfowl resources.
Concern over degrading water quality and the ultimate effect on eutro—
piilcation of Lake Okeechobee was also expressed. As a result, a report
wes presented to the Florida cabinet in 1972 by Marshall et al. The
report recommended that a Water Quality Master be appointed by the
Governor in order to coordinate efforts to restore water quality in the
basin.
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GVERVIEW OF MARACIMENT STUDY

Traditional approaches to river basin studies have placed little
smphasis on linkage mechanisms which relate land use and drainage
conditions to resulting hydrologic and water quality responses in the
watershed. Environmental indices which serve as useful measures of
quality include the volume of surface runoff and streamflow, and
associated nutrient concentrations or loadings which stimulate aquatic
plant growth. Alterations in land use, drainage practices, and struc-
tural configurations can have significant impacts on these hydrologic
and water quality measures.

The main objective of this research is to describe and quantify
various hydrologic—land use interactions which occur within the
Kigsimmes River Basin. This requires that a technique be devised to
characterize surface runoff quantity and quality as a function of land
use and drainage patterns. Influences of soil storage, vegetative
cover, drainage intensity, land use, topography, and climate must be
directly considered because they all affect hydrologic and water quality
responses.

It is important to consider these interactions at several levels
of detail in order to better understand the overall response of the
watershed. Levels of resclution which are investigated include the
river basin, tributary systems (planning units), lake units, and marsh
areas. Analyzing these different components allows quantification of
source areas of runoff and nutrients as well as associated transport
mechanisms through the system.

The Kissimmee River Basin in central Florida is undergoing
pressure for rapid expansion. Chapter IL describes the environmental
rasources in the basin, along with observed land use changes and water
guality responses. For convenience, the basin is divided into sub-
watersheds or planning units. The upper portion of the basin consists
of a chhain of large lakes undergoing rapid urbanization. The lower
basin is undergoing transition from its natural state as a marsh and
slough system to a regime dominated by improved pasture with drainage
comals. In addition, a flood control preoject exists throughout the
hasin in the form of control structures, canals, and channelization
of the main river. Water quality degradation in the form of high
nutrient loading in one of the upper lakes and along the river channel
has been increasing over the last two decades. There is concern for
protecting water quality, since the Kissimmee River is the main inflow
tributary to Lake Okeechobee, which provides water supply to all of
south Florida and the Everglades.

Chapter III describes the results of the land use analysis. Data
on historical and present land use patterns are presented. The criti-~
cal question of projected land use is examined using a linear programming
model which provides an automated procedure for projecting alternative
future land uses depending on the assumed conditions. These projections
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are meant to indicate what future land use cenditions in the Kissimmee
River Basin could be; they are not intended to be taken as a prescrip-
tion of what type of growth should take place in the basin. The re-
sults from the land use analysis provide input to the hydrelogic studies
presented in Chapter IV.

Because the hydrologic response of the drainage basin is the con-
trolling link for land use and water quality considerations, a hydro-
logic modeling technique has been developed which directly incorporates
land use changes and drainage practices. The model is based on deter-
mining a water balance for each soil-land use complex within each
planning unit, thus providing an estimate of storage effects in the
basin. Hydrologic output from the model includes surface and subsur-
face runoff volumes on a daily basis which are then routed through the
river system to Lake Okeechobee. The output is a function of rainfall
distribution and land use patterns within each planning unit. Both
historical and predicted future land uses can be simulated. These
results are described in the first part of Chapter IV.

While the hydrologic model estimates source areas which contribute
runoff volumes, non-point sources of nutrients are primarily a function
of land use, with agricultural lands contributing the highest loads due
to fertilization or catrle density. Water quality degradation, primarily
due to nutrient loading in the Kissimmee River Basin, has been monitored
both in the upper lakes and in the lower river and tributaries. In this
section of Chapter IV potentional nutrient loading rates are calculated
for lower basin planning units using measured concentrations of total
phosphorus and predicted runoff volumes.

Detailed analyses of land use and drainage patterns along the
lower river system indicate the importance of the drainage density
index, defined as the total length of waterways divided by the asso-
ciated watershed area. Drainage density provides a useful general
indicator eof land use intensity, runoff volumes, and nutrient concen—
trations associated with the various tributaries in the Kissimmee
River Basin. Drainage density is directly related to the average
length of overland flow, soil moisture storage capacity, surface run-
off volumes via canals, and detention times. In this respect, the
index serves as an indicator of transport of runcff and nutrients
for a particular land use type or for an entire planning unit. The
results are presented in the last part of Chapter IV,

Characteristics of the hydrologic and nutrient cycles in the
Kissimmee River Basin provide a valuable conceptual framework for
understanding the overall system dynamics. Each of these cycles is
distinguished by a set of specific inflows, outflows, storages, and
other losses which determine the response of a particular component
of the system, e.g., soil, marsh, pasture, stream, lake or planning
unit. Thus, if a group of characteristic storage and transport para-
meters can be defined and quantified for each of these components in the
region, then the concept of management strategies which alter the charac-
teristic parameters can be better evaluated. With regard to the hydrologic
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vharscterization, various components in the river basin can be viewed

as a spectrum of reservoir storages with different volumes, inflow
rates, and outflow rates. An important parameter is the detention

time, T, defined as the ratio of storage volume to outflow rate. Reser-
voirs with high values of T have relatively large storage or reiatively
small outflow rates. The reservoir concept can be applied to streams

or lakes as well as to units of land use, e.g., marsh, pasture, crop-
land, urban, and units of soil type.

Detention time is important not only as a hydrologic parameter,
but also it plays a key role in nutrient cycling, loading rates, and
uptake rates. In this respect, treatment rates on the land, in the
gail, and in various aquatic systems are dependent on T to provide the
necessary time for physical, biological, or chemical uptake mechanisms
to operate. In general, the longer the detention time, the greater the
uptake of nutrients either as plant biomass or as sediments.

Following a discussion of these concepts, the balance of Chapter V
uses these ideas to analyze C-38, the upper lakes, and swamps and
marshes in the basin. Conventional flood routing techniques are used to
estimate the impact of C-38. The lakes are examined using simple
budgeting procedures. Lastly the impact of swamps and marshes is evalu-
ated using a computer simulation model called MARSH which routes daily
flows through the marshes over a two or three year period. The results
are expressed in terms of the overall flood attenuation and water quality
control achieved by these units.

The coneluding chapter presents a summary of the results and
suggests a management strategy for dealing with the problems described
ezrlier in the report, The need to preserve available wetland areas
is stressed. Results of field interviews with farmers in the area
are included. This chapter concludes with a description of further
research needs,



III. LAND USE ANALYSIS

PAST AND PRESENT LAND USE

Land use in the Kissimmee River Basin has undergone rapid and
significant changes in the last 15 years. In the past, activities
in the upper part of the basin were dominated by urban interests,
especlally around the Orlando area, and agricultural interests in-
volved in citrus on the western ridge, small amounts of improved
pasture around the upper lakes, and large areas of unimproved pas-
ture throughout the remainder of the basin. By far the dominant
category was freshwater marsh and swamp around the large lakes and
scattered throughout the basin. Figure 3.1 shows the general land
use pattern which existed in 1958, based on the analysis of aerial
photographs of the basin provided by the FCD.

Figure 3.2 shows the major shifts which have taken place
following the constructlion of flood contrel structures and canals
in the 1960's. These land use patterns were obtained in the same
manner as the 1958 values. The most obvious changes may be seen in
the conversion of swamp and marsh land to some type of pasture. This
results in approximately a 25 percent reduction of the natural areas.
Approximately 40 percent of the land which was formerly unimproved
pasture has bheen moved into the improved range through diking or
drainage procedures., In addition, urban expansion is evident south
of Orlandc, around lake borders, and in the Disney World area of
western Orange County.

The type of land use changes evident from 1958 to 1972 is expec—
ted to continue, with urban and agricultural expansion, and a reduction
of those areas in swamps and marshes. This will be illustrated more
clearly in the following section.

PROJECTED LAND USE
Introduction

This section describes procedures used te project future patterns
of the land use in the Kissimmee River Basin. Since the bulk of the
land use is for agriculture, a logical peint of departure is to review

available estimates of the Soil Conservation Service (SCS and the US
Department of Agriculture),
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Brietly the S5CS estimates future land use based on a wide
variety of procedures from sophisticated linear programming tech-
niques to ad hoc procedures based on their many years of experienca.
Their approach seems to be a reasoned and realistic one. The results
of this analysis are projections, to the years 198G, 2000, and 2020,
of what land use could be. It does not state that this is what the
use should be, for that represents a policy choice beyond the planner's
realm of responsibility. It is important for the reader to keep thi=z
distinction clear so that the analysis to follow is not construed to
be the well-publicized circular analysis whereby projects are justified
to meet future demands which could only be met if the project is built,
i.e., self-fulfilling prophecies.

The SCS projections provide one estimate of the future (see
Figure 3.3). Alternative futures are generated by varying assumptions
regarding agricultural productivity, demand levels, and the level of
on-site control of drainage water. A linear programming model is used
to assist in the accounting and bookkeeping associated with making
these projections which are described in the next sections.

Overview of the Model

The mathematical programming model has been shown to be an
effective toel in the analysis of both the present and future status
of land areas. A recent study by Heaney and Huber et al. (1974) nade
extensive use of this type of modeling in an economic analysis of the
Upper St. Johas River Basin. The development of such a model for the
Fissimmee River Basin requires that the interactions in the basin be
viewed as three major forces: the natural system (marsh, swamp, and
woodland), the agricultural system, and urbanization. The model will
evaluate the agricultural and natural systems. Urbanization shows its
effect by removing land from possible agricultural and natural uses.

The model allocates available land to various activities to
satisfy certain specified objectives. These objectives are normally
based on economic criteria, 1.e., minimize cost or maximize profit,
and/or certain environmental criteria such as minimizing storm water
runaif.

A descriptive analysis of the model is presented below. In
concept, the model allocates a "pool" of available land to various
activities in a way that satisfies certain requirements. These might
inciede economic efficiency, conformation to existing land use pavteris,
satisfaction of demands for commodities and services, and many others.

To permit this type of manipulation, each acre of land was
identified by a vector of characteristics: geographic location, (pos-
sible) land use activity, agricultural productivity, and water problem
class. Thus, the number of acres assigned te a unique land use cate-
gory was identified by the decision variable or structural element,
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i 3 k 1 (3.1
L—u—water problem class, 1

soll productivity group, k

land use activity, j

hydrelogic (SCS) planning unit, 1

Using this basic structural element, any number of criteria or
phenomena can be introduced into the model. For example, by deter-
mining a cost for each type of land use activity, the total basin
cests can be expressed as,

(c ) (3.2)

cost = L E L X (e, .)(x,

ikl ijkl ijkl

= the cost per acre per year associated with
each (ijkl).

where Cijkl

It is also important to keep a running account of available soil types
to make sure that the acres allocated to various uses do not exceed
the supply for that particular soil. Thus, for each planning unit %,

available seoil = ? xij(kl) = Si(kl)’ for each (kl) (3.3)
where Si(kl) = the supply of soil (acres) in planning unit 1

of type (k1).

In an agricultural model of this type, production is a vital consi-
deration. Hence, the basic decision variable can be used to keep
track of farm outputs which can be compared to demands whenever
reguired, i.e.,

production = ; I LI (yij(kl))(xij(kl))’ for each i (3.4)
ijkl
where yij(kl) = the annual per acre yield in planning unit i

from land use activity j in soil type (kl).

In addition to these basic features, other factors can be added to the
rodel af the discretion of the analyst. As an example, one may wish
to "track” the shifts in surface runoff produced by varlous land use
patterns, i.e.,
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surface runoff = (r (3.5)

ZIZLE (ro. d(x....)
ikl ijkl ijkl
where Tkl the volume of runoff per acre associated with
] each (ijkl) for a storm of given frequency
and duration.

Using these or similar structural expressions, various land allocation
schemes may be formulated. One familiar appreoach would be that of
economic efficliency whereby land is parceled out to varicus activities
In a way that minimizes the total cost of meeting agricultural demands.
These investigations may focus on the total basin, each separate plan-
ning unit, or any subset of planning units considered together. This
fits nicely into a standard linear programming format such as minimize
costs (equation 3.2) subject to the upper limit on available soil types
(equation 3.3) and the fact that demands for each activity (j) must be
met. Since many different formulations can be used, the next section
will describe the structural element as an introduction to specific
approaches used in this study.

Land Use Activities

The selection of which land uses should be given comsideration
by the model is actually a question of manageability. It is desirable
to consider all the major land uses, but it would be impossible to
represent the entire spectrum of agricultural activities within the
basin. For this reason, the final number of activities must be kept
small and still cover the broad agricultural picture.

Two means for selection of these categories would be the dollar
value (cost and/or profit) and the amount of land required for produc-
tion. Using these criteria, three major land uses become obvious:

(1) beef, (2) citrus, and (3) vegetables. While citrus and vegetables
do not constitute a large percentage of the total basin acreage, they
are very high return crops and therefore obvious selections in terms
of profit. The citrus operations were considered a single crop,
oranges, rather than being separated into various categories because
other types of citrus production are negligible.

When considering vegetable production, the same analysis is used.
Rather than attempting to account for each separate vegetative type,
tomatoes are used as the representative crop for the entire vegetable
category for two reasons: (1) they are the largest vegetable crop in
terms of volume produced, and (2) the most reliable production figures
are available for tomatoes.

Since beef is currently the largest agricultural commodity in
the basin, it was felt that production should be separated into two
major categories: unimproved and improved pasture. With approximately
80 percent of the basin in some type of beef cattle production, all
cther livestock cperations were considered minor. A possible exception
might have been dairy cattle. However, dairy production and cost
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figures were difficult to document, and dairies were not included on
iand use maps. This group is included because of its environmental
rather than its economic impact.

Forests, swamps, and marshes are placed in the residual categoiy.
o direct economic valuation for these uses exists. Thus, their
"value" to the system will be evaluated by quantifying the environ-
wental responses, e.g., hydrologic and water quality which occur if
they are reduced or eliminated. Thus, their value needs to be
derived as a result of the analysis. It is not assumed beforehand.
This procedure does not introduce an economic bias against these land
use categories.

The final land use grouping used in the model is urban, citrus,

vegetables, improved pasture, unimproved pasture, and a residual
category of forest, swamp, and marsh.

Detailed Solls and Land Use Analysis

The various systems of soil classification range from taxonomic
groups based on physical factors to schemes which classify soil
properties as they relate to various uses. Specific requirements are
focused on agricultural production and its water-related problems; it
is loglcal therefore to develop the soil and land analysis on this basis.
Before presenting the classification systems, it is appropriate to iden-
tify the predominant soil types associated with agriculture in the
basin. Figure 2.4, a general soil map from the 5C5 Report for Kissimmee-

Everglades Area (1973a), depicts the general soil types and swamp areas
of interest. The following is a summarized list of the general soil
types and related agricultural enterprises which commonly locate on them:

1. Sandy soils, sloping terrain, sandy to 40 inches
or more, water table below 60 inches, little or
no surface runoff, drainage mostly to aquifer.

Found only along extreme upper and upper western
portion of basin. Occupies less than 20 percent
of the basin north of Lake Okeechobee. Not found
in other areas tributary to the lake. Supports
moat of the citrus and limited acreage of cattle
production.

2. Sandy soils, nearly level terrain, sandy to 40
inches or more, water table normally 30 to 60
inches, little surface runoff, drainage lateral
to streams or canals. Insignificant in overall
area.

3. Sandy soils, nearly level terrain, sandy to 40
inches or more, often including organically
cemented layer, water table normally 0 to 30
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inches, slow surface runoff during wet weather,
slow lateral internal drainage to streams or
canals.

Predominates basin naturally tributary to Lake
Okeechobee. Supports most of the beef and
dairy cattle production, limited acreage of
vegetables and scme citrus.

4. Sandy soils, nearly level terrain, sandy to 40
inches or more, water table normally within 15
inches of surface and frequently rises above
surface, slow surface runoff if drainage
gradient is provided. Little internal drainage
unless ditched.

Found along the Kissimmee River, in large areas
among the lakes in the upper Kissimmee Basin,
and over the entire basin. Supports low density
beef cattle production, unless drained, when
improved pastures and some citrus have been
planted.

5. Organic soils, virtually level terrain, surface
layers of peat or muck (muck is the term applied
to farmed peat) from a few inches to several feet,
water table seldom more than a few inches beneath
the surface and normally above the surface under
natural conditions., Slow surface drainage if
gradient is provided. Little internal drainage
unless intensive, pumped ditching is provided.

Small pockets of little areal significance over
most of basin. Supports vegetable and sugarcane
production.

As a basis for classifying soil into water problem classes, an
adjusted system taken from the USDA Handbook 210 "Land Capability
Classification" (1961) is used. This system divides all soils into
the eight major classifications and four subclassifications. The
eight major classifications are as follows: :

Class I Soils in Class I have few limitations
that restrict their use.

Class II Solls in Class II have some limitations
that reduce the choice of plants or require
moderate conservation practices.

Class III Soils in Class II1 have severe limitations
that reduce the choice of plants or require
speclal conservation practices, or both,
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Ciass 1V 50ils in Class IV have very severe Limi-
tations that restrict the choice of plants,
require very careful management, or both.

Class V Soils in Class V have little or no erosion
hazard but have other limitations impracti-
cal to remove, that limit their use largely
to pasture, range, woodland, or wildlife
and food and cover.

Class VI  Soils in Class VI have severe limitations
that make them generally unsuited to culti-
vation and limit their use largely to
grazing, woodland, or wildlife.

Class VII Soils in Class VII have very severe limi-
tations that make them generally unsuited
to cultivation and grazing and limit their
use to woodland or wildlife.

Class VIII Soils and landforms in Class VIII have
limitations that preclude their use for
commercial plant production and restrict
their use to recreation, wildlife, or water
supply or to esthetic purposes.

The four subclassifications, erosion (e), root zone (s), climatic
limiratrions (c¢), and water-related problems (w), can be simplified
because climatic limitations and erosive conditions are virtually non-
existent in the basin, and root limitations exist only in a small
portion of the study area. Now, by grouping the eight major classifi-
cations, a reasonable system for input into the model can be produced.
Water-problem classes and thelr percentage of the basin are shown with
comparable SCS capability classes in Table 3.1. Table 3.2 lists the
soil series and their respective problem classes.

Lastly, the soils are classified according to their productivity
ol the various scil types. Solls with similar productivity are
aggregated into a single productivity class using beef production as
the ranking criterion. The soils are lumped into six productivity
groups containing soil types already possessing similar water problems.
In this way, the productivity of a soil decreases as the productivity
class number increases. Table 3.3 presents the final grouping of
gells into water-problem class and soil productivity categories for thz
Kissinmee Basin.



Table 3.1. Water Problem Classes vs SCS Capability Classes
{sCs, 1973a)

SCS Capability Class

Tw, IIw, IIlIw IV Vw, Viw

ViIw, VIIIw

Water Problem Class

Percentage of the Basin

1.0 2.0 3.0

8.9 68.6 12.5

4.0

10.0

Table 3.2 Soil Series Within Water Problem Classes

Water Problem Class

1 2 3 4
(1) St. Lucie (13a) Myakka (22) Basinger (27) Swamp-Marsh
(15} Adamsville (23) Pompano (3) Lake
(24c) Felda (23b) Immokalee
(24a) Manatee -
(12a) Tavares
(26) Everglades
(11} Pomello
(18¢c) Parkwood
Note: Numbers in parentheses indicate SCS5 classification numbers.



Table 3.3.

Final Categorization intc Productivity Groups and Water Problem Classes

Soil Water Problem Class
Productivity
Group 1 2 3 - 4
1 (26) Everglades (23) Pompano (22) Basinger (27} Swamp-Marsh
2 (24a2) Manatee (13a) Myakka (3) Lake
(13b) Immockalee
3 (24c¢) TFelda
4 {18c) Parkwood
5 {15) Adamsville
(12a) Tavares
[ (11) Pomello
(1) St. Lucie
Note: Humbers in parentheses indicate SCS classification numbers.
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Davelopment of Input Data

Coats and Profits --

The decision to allocate an available soll for a specified
activity, j, is based partially on the cost assoclated with the
development and continued production of some agricultural activi-
ty. These costs are normally separated into fixed costs, which
include land acquisition, preparation, drainage, irrigation, and
other "capital" expenditures, and variable costs encompassing feed,
labox, maintenance and repairs, and fertilizera. The values
presented in Table 3.4 are average annual costs for each category
and land use activity. These figures are a composite of information
obtained from discussions with county agents, local producers, and
published reports., The smortized annual cost of land varies
depending on the soil type, slope, location, root zone, depth, and
response to fertilization. One can look at the cost of land use
activities and estimate the average annual cost for the soils. The
annual costs are constant, that is, no attempt is made to inflate
annual costs to 1980 and 2020 time periods because the main concern
in the model is relative, not absolute, costs.

Incomes, like costs, are subject to wide fluctuation depending
upon the current demand and economic structure at harvest time,
Therefore, it is not practical to estimate prices for various time
periods and locations, but rather to select a single value for each
activity and apply it throughout the basin. The prices are obtained
from much the same sources as costs and should be reasonable. The
values presented in Table 3.5 reflect typical 1972 figures in the
basin.

Productivity --

The necessity of developing reliable productivity data on a per
acre basis is easential when one remembers the general structure of
the model. To obtain the 1972 productivity values (yields), four
major sources were consulted:

1. Florida Statistical Abstracts (1973)

2. Kissimmee-Everglades Area Report (SCS, 1973a)

3. County Agents

4. Soil Conservation Service publications.
The citrus and vegetable yields are well documented, and the recent
report by Anderson and Hipp (1974) is considered by beef experts to

provide excellent information for productivity rates of improved and
unimproved pasture on Florida flatwood soils.
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Table 3.4. Average Annual Costs per Acre of Production (Cijkl)a

1. Land
Use $/yr
Citrus 51.G0
Improved Pasture 44,00
Vegetables 60.00
Unimproved Pasture 44,00

2, Additional Variable Cost

Use $/yr
Citrus 235.00
Improved Pasture 2¢.00
Vegetables 628.00
Unimproved Pasture 5.00

3. Drainage

Water Problem Class

Use 1 2 3 4
. T b c
Citrus N/A 51.00 60.00 Inf.
Improved Pasture N/A 10.00 15.00 25.00
Vegetables N/A 30.00 35.00 Inf.
Unimproved Pasture N/A N/A N/A N/A

4. lrrigation

Water Problem Class

Use 1 2 3 4
Citrus 60.00 50.00 50.00 Inf.
Improved Pasture 5.00 4.00 4,00 2.00
Vegetables 30.00 20.00 20.00 Inf.
Inimproved Pasture N/A N/A N/A N/A

%5ources: Brooke, 1973a, Brooke, 1973b, Anderson and Hipp, 1974,
Harrison, 1974, Heaney and Huber et al., 1974.

bN_/A = not applicable.

cInf. = infeasible.
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Table 3.5, Income From Various Agricultural Commodities®

Sales Price per Unit Product

Year $/90 1lb Box $/40 1b Box $/1b
1958 1.93 2.80 0.20
1972 2.10 6.00 0.30
1980 2.10 6.00 0.30
2020 2.10 6.00 0.30

%3ources: Brooke, 1973a, Brooke, 1973b, Savage, 1973, and
Anderson and Hipp, 1974.



37

As urban pressure drives agricultural lands toward more inten-
sive use, productivity wvalues will increase accordingly. Increased
producticn figures for the next 10 to 30 vears range from a low of 10
percent to a high of 30 percent. Since any selecticn from this range
for a given period would be speculative, the decisivn was
made to use the potential yields published by the Soil Conservation
Service in their seoil survey interpretations. These potential yields
provide an upper limit which can be parameterized from present levels
for various selected study years. Table 3.6 illustrates the predicted
productivities of various soil types for the 1980, 2000, and 2020
study years.

ngands -

Because the land use activities are viewed as a response to some
external demand for the commodities produced, the prespecified level of
output becomes a major component of the model. The model is simply an
attempt to determine if the basin, when placed under a certain magnitude
of stress, can ensure that these demands will be satisfied. No value
judgment is intended regarding whether this level of activity should
be satisfied.

Considering future production for the basin, twe major questions
arise regarding what the total basin should be required te produce,
and how this production should be divided among basin subgroups
{planning units). Well-documented figures are not available for either
the basin or the planning unit level, so the following scheme was
developed for allocating the required outputs.

If productivity information for each soil type is considered and
the 1972 land use maps provided by the FCD are employed, it is possible
to calculate the total production for an individual planning unit, or
the entire basin, by multiplying the area of land use on a certain soil
type by the productivity of that soil type. These values are then
syorated by area and compared to total 1972 production for each county
presented in Florida Statistical Abstracts (1973} to check their accur-
acy. Given the 1972 values, future study years can be explored. The
Kissimmee Everglades report presents demands for low (1968), medium
{1950), and ultimate (2020) productivities. By use of these values and
by stipulating that the basin produce the same proportion of agricultural
commodities for future years as it now produces, the basin and plamning
unit demands can be projected. For example, if the total production of
oranges for the Kissimmee-Everglades area in 1972 was one million boxes,
and the Kissimmee River Basin contributed 100,000 boxes, then it is
required that the Kissimmee River Basin produce 10 percent of the oranges
required from the Kissimmee-Everglades area in future years. This same
analysis was used in moving from the basin to the planning unit level.
Table 3.7 shows the demand levels of various planning units for the
medium and ultimate productivities.



Table 3.6. Productivity Values Assigned to Various

38

Soil Types During the 1980 and 2020
Study Periods

Citrus Vegs Improved Unimproved
{90-1b (40-1b Pasture Pasture
Soil Type Year box) box) {(1b/ac) {1b/ac)
spcab1 1 Everglades 1980 0 0 680 102
WPC 2020 0 0 800 102
2 Pompano 1980 298 553 357 54
2020 350 650 420 54
3 Basinger 1880 298 533 357 54
2020 350 650 420 54
4 Swamp, 1980 0 0 319 50
Marsh 2020 0] 4] 375 50
SPG 2 1 Manatee 1980 361 255 439 66
WPC 2020 425 300 516 66
2 Myakka 1980 298 638 325 49
Immokalee 2020 350 750 383 49
3 Lake 1980 425 0 210 31
2020 500 0 248 31
4 1980 0 0 0 0
2020
SPG 3 1 Felda 1980 361 298 389 58
WPC 2020 425 350 458 58
2 1980 0 0 0 0
2020
3 1980 0 0 0 0
2020
4 1980 0 0 0 0
2020
SPG 4 1 Parkwood 1980 382 340 357 54
WPC 2020 450 400 420 54
2 1980 0 ¢ 0 0
2020
3 1980 0 0 0] 0
2020
4 1980 o 0 0 G

2020
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Table 3.6 (continued)

Citrus Vegs Improved Unimproved

(90-1b {40-1b  Pasture Pasture
Soil Type  Year box) box) (1b/ac) (1b/ac)
PG 5 1 Adamsville 1980 340 298 325 49
WrPo Tavares 2020 400 350 383 49
2 1980 0 0 0 0
2020
3 1980 0 0 0 0
2020
4 1980 0 0 0 0
2020
SPG 6 1 Pomello 1980 213 0] 194 29
WPC 2020 250 0 229 29
2 1980 0 0 0 0
2020
3 1980 0 0 0 0
2020
4 1980 0 0 0 0
2020

43pG - s0il FProductivity Group

bWPC ~ Water Problem Class
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This restriction was later removed at the planning unit level,
so that each planning unit would contribute its maximum until basin
demands were met but would not be required to produce on an individual
basis. That is, if in the year 2000 (high conditions) planning unit 2
has no land available for agriculture, the model will simply move into
an area where land is available and bring the necessary activities into
use,

Constraints ——

The model must be limited, or constrained, by certain means to
prevent trivial results. For example, if the model is required to
minimize cost and no constraints are placed on productiom, it will
elect to produce nothing (cost = 0). On the other hand, if maximizing
profit is the goal, the model will choose the most profitable activity
and place all available land into that production activity.

In order to prevent the above situation, upper and lower bounds
were set on production so that a planning wnit must produce at least
some lower limit of a commodity but may not produce more than some
prespecified upper limit. When attempting to meet the demands, the
model must also consider the amount of land available in various study
periods. These land values are input as fixed or stationary bounds,
thereby placing an additional upper limit on production.

The major environmental constraint in the model is stormwater
runcff. The effect of man's control of land use is a decrease in the
volume of natural storage of rainfall and a subsequent increase in sur-
face runoff. This runoff is reflected in higher peak flows and volume
and a generally lower water quality.

By stipulating runoff wvolume, the model is constrained in two
ways. First, 1f the runcff for a certain area exceeds a prespecified
level, the farmer must store the water on site, causing a reduction in
the land available for production. This, coupled with the cost of
diking or building facilities which will contain the runoff until it may
be released at an allowable rate, places an additional cost on the
operation., Secondly, as has already been mentioned, urban use normally
competes successfully with agricultural and natural vegetation for
certain soils. To control this problem, consideration will be given to
the flooding hazard of a soil type. For present purposes, urban develop-
ment will be prohibited from soils which lie in the 100-year flood plain
or having a flooding hazard in excess of one month per year. A& liap of
soils in the Kissimmee Basin along with their flood frequencies and
suitability is shown in Table 3.8.

The actual calculation of runoff values can be made to fit nicely
into the 6 x 4 productivity water problem class matrix. Since the main
focus is on agricultural and natural land uses, a condensed version of
the curve number (CN) method developed by the 5CS (1969) may be used
tc obtain the necessary runoff values for each soil type-land use activity.
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Table 3.8. Flood Frequencies and Sultability for
Urban Development of Soil Types in the
Kissimmee River Basin (5CS, 1960, 1971)
Suitability for
Soil Type Flood Frequency Urban Development
Parkwood Every year for 7-30 days Poor
Manatee Every year for > 6 months Not Allowed
Everglades Every year for 7-30 days Poor
Tavares Every year for 7-30 days Poor
Felda Every year for 7-30 days Poor
Adamsville Every 1 to 5 years for 2-~7 days Good
Pompano Every year for 1 to 6 months Very Poor
Myakka Every 1 to 5 years for 2-7 days Good
Immokalee Every 1 to 5 years for 2~7 days Good
Lake Every year for 1 to 6 months Very Poor
Basinger Every year for 1 to 6 months Very Poor
Pomello None Excellent
St. Lucie Every year 7-30 days Poor

Swamp-Marsh  Every

year

> 6 months

Not Allowed




{ne 3C5 National Engineering Handbook, Sectissn 4 "Hydroiogy' (1958},
outlines a procedure for estimating the volume of runoff to be expected
from a given soil type and land use following a storm of prespecified
depth. This capability satisfies nicely the requlivements of the laad
use model, and runoff (rijkl) was generated in the following segasnzo:

1. Two rainfall events were selected for analysis,
the 5-year storm of 6.5 inches in 24 hours and
the 30-year evemnt-of:l12 inches in 24 hours.

2. Through the use of Tables 3.9 and 3.10, taken
from the National Engineering Handbook, selection
of the proper curve number is made.

3. Given the 6.5 or 12-inch rainfall and the proper
curve numbers, the expected runcff for each soil
type-land use combination is taken from Figure 3.4
which is also adapted from the National Engineering
Handbook.

The total volume of runoff from each planning unit is calculated
based upon the land use for various years., By dividing this total volume
of runoff by the total amount of land remaining in the residual category
(land available for storage), the volume of water that each acre of land
would be required to store is calgulated. Table 3.11 shows the results

“of these calculations for each planning unit and the total basin during

the two study years.

EESULTIS OF THE LAND USE ANALYSIS

As alluded to earlier, the main asset of the LP model lies in its
ability to do a vast numbexr of calculations while keeping track of
several different variables. This type of analysis may be used to
evaluate economic, social, or environmental objectives, and in addition
combine one or more of these objectives for comparative purposes. This
type of analysis was used in the evaluation of the Upper St. Johns
River Basin in Florida and includes coalitions, various flexible param-
eters, and a comparison of the acceptability of various plans using
different objective functions (Heaney and Huber et al., 1974).

Although the KRB model includes the necessary programming, and
a more extensive data base to perform these types of analysis, it was
falt that the fundamental results would closely compare with rhe Si.
Johns analysls, and perhaps this duplication was unnecessary. The
principal function of the LP model then became the projection of future
land use patterns for input into a hydrologic model (Bedient, 1975)
capable of generating runoff hydrographs for these future conditions.

There are, however, several general iltems about future land use
ia the KRB that warrant mention. Of the objective functions employed
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Table 3.9. SCS Hydrologic Soil Groups (SCS, 1969)

Soil Group

Description

LOWEST RUNOFF POTENTIAL. Includes deep sands with
very little silt and clay; also deep, rapidly
permeable loess.

MODERATELY LOW RUNOFF POTENTIAL. Mostly sandy soils
less deep than A, and less aggregated than A, but the
group as a whole has above-average infiltration after
thorough wetting.

MODERATELY HIGH RUNOFF POTENTIAL. Comprises shallow

solls and soils containing considerable clay and col-
loids, though less than those of group D. The group

has below average infiltration after presaturation.

HIGHEST RUNOFF POTENTIAL. Includes mostly clays of
high swelling percentage, but the group also includes
some shallow soils with nearly impermeable subhorizons
near the surface.

Note: A mixed designation, i.e., B/D, refers to drained/undrained
situation.



Kunoff Curve Numbers for Hydrologile Scii-Clover
Complexes —- For Average Conditions of Artecedent

Table
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3.13

Soil Moisture and Initial Abstraction (873, 1969)

Langd Use Treatment
or or Hydrologic Hydrologic Scil Grour
Cover Practice Condition A B C b
Fallow Straight row - 77 g6 91 24
Fow crops Straight row Poor 72 8l 88 S1
Straight row Good 67 78 85 89
Contoured Poor 70 79 84 83
Contoured Good 65 75 82 86
Contoured and terraced Poor 66 74 80 82
Contoured and terraced Good 62 71 78 81
Small grain Straight row Poor 65 76 B4 88
Straight row Good 63 75 83 87
Contoured Poor 63 74 82 85
Contoured Good 61 73 81 84
Contoured and Terraced Poor 61 72 79 82
Close-segded Straight row Poor 66 77 85 89
legumes Straight row Good 58 72 81 85
or Contoured Poor 684 75 g3 5
rotation Contoured Good 55 69 78 83
meadow Contoured and terraced Poor 63 73 80 83
Contoured and terraced Good 51 67 76 80
Pasture Poor 68 79 86 g9
or range Fair 49 69 79 84
Good 39 61 74 80
Contoured Poor 47 59 75 88
Contoured Fair 25 59 75 82
Contoured Good 6 35 70 79
Meadow (permanent) Good 30 58 71 78
Woods Poor 45 66 77 83
(farm woodlots) Fair 36 60 73 79
Good 25 55 70 77
Farmsteads - 59 74 82 86
Roads (dirt)? . - 72 82 87 89
(hard surface) - 74 B4 90 g2

a
Close-drilled or broadcast.

bIncluding right-of-way
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Table 3.11.

47

Inches of Depth Required per Acre of
Residual Land to Contain the 5~ and 50-
Year Storms on Site During the 1980 and

2020 Study Periods

1980 2020
Planning Unit 5 yr 50 yr 5 yx 30 yr
1 10.7 26.5 294.1 582.4
2 4.0 10.0 * *
3 14.1 34.3 % %
4 11.2 30.6 * *
5 10.1 27.5 * *
6 9,1 23.9 11.2 31.4
7 11.5 31.0 * &
8 9.2 26.3 58.3 175.0
9 15.7 38.6 45.0 125.0
10 6.7 20.0 15.6 40,1
11 11.2 32.5 15.3 36.0
12 30.0 72.0 48.6 105.7
13 48.6 114.3 500.0  1171.4
14 10.5 29.1 51.5 123.2
15 5.3 16.8 14.4 34.9
16 23.6 52.0 51.1 112.8
17 14.9 42.6 27.2 63.6
18 14.5 36.3 48.1 103.7
Basin 11.08 28.6 44,07 107.04

#*No residual land available.
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by the model, i.e., minimizing cost, maximizing profit, and minimizing
runoff, the runoff constraint is the most limiting in terms of allowing
the area to meet projected production. The LP results compare favorably
with the Soil Conservation Service projections in that both indicate a
large shift from unimproved to improved pasture, and increased acreage
being used for citrus and vegetable production in future years.

There will be considerable impact on the KRB in future years due
to the depletion of the muck lands south of Lake Okeechobee. These rich
organic soils have long been the source of the large quantities of
vegetables and sugar cane produced in Florida. As the oxidation of these
soils continues, some vegetable and sugar cane industries will tend to push
northward and claim land north of Lake Okeechobee, thereby placing an
increased stress on the quantity and quality of water in the KRB.

The results of the land use analysis for various soil types and
land uses are shown for the 18 planning units in the basin in Appendix
A. Tables 3.12 to 3.14 summarize the results for the upper basin,
lower basin, and total basin respectively. Land use acreage and frac-
tions by water problem class are shown in Tables 3.15 to 3.18 for 1958,
1972, 1980, and 2020 conditions. The SCS Soil Series numbers have been
used to aid in identifying the soil types, and allow use of the various
county maps available from the SCS5. The conditions illustrated in these
tables show that increased urban pressure and the movement toward higher
intensity agriculture will necessitate extensive man-made storage/treatment
facilities within the individual planning units as the marsh/swamp areas
are removed,if additional degradation is to be prevented.

The results of these impacts and the type of procedures which might
be implemented to evaluate and control them will be the subject of dis-
cussion in the next chapters,
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Table 3.13. Land Use in the Lower Kissimmee River Basin - Planning Units 13 to 18 - 1000 acres

Land
Uses 1 2 3 4 5 6 7 8 9 10
Lower
Basin
Study Crop Improved Unimproved Barren Surface Total
Year Urban Land Pasture Pasture Citrus Forest Swamp Marsh Land Water
1958 0.0 0.3 32.9 280.6 1.3 3.2 130.9 2.8 0.0 0.0 452
1972 1.3 1.6 223.2 133.2 1.0 7.5 78.9 2.2 3.1 0.0 452
1980 3.2 2.0 268.7 86.5 2.5 8.0 67.5 10.5 3.1 0.0 452

2020 10.6  43.6 293.2 53.4 12.0 12.0 33.8 0.0 3.1 0.0 452




Table 3.14. Land Use in the Kissimmee River Basin - 1000 acres

Land

Uses 1 2 3 [ 5 6 7 8 g 19 .
Basin
Total

Study Crop Improved Unimproved Barren Surface

Year Urban  Land  Pasture Pasture Citrus Forest Swamp Marsh® Land Water

19582 25.4 0.7 131.2 660.6 101.9 20.3 249.4 162.7 0.0 138.5 1490.7

19722 93.0 2.8 457.8 369.2 108.1 45,7 140.5 132.0 3.1 138.5 1490.7

Hcmov 134.8 9.4 512.0 271.2 99.9 62.9 127.9 131.0 3.1 138.5 1490.7

NomoAU 530.6 57.2 436,2 93.8 62.3 75.2 63.7 30.1 3.1 138.5 1490.7

%Based on analysis of aerial photographs.

vwmmm& on predictions of linear programming model.

“Lower Kissimmee River flood plain is 60.8 thousand acres.
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Table 3.15. Acreages and Fractions Occupied by Different Soil Group and
Land Use Combinations, 1958 Land Use - Lower Kissimmee River

Basin - PU 13-18.

1 2 3 4
Soil Group by Total
Land Use Water Problem Class Acres
A) 0 A) 0 A o Ay O
Urban ; 0
B) - B) - B) - By -
A) 0 A) 30014 A) 0 Ay O
Crops 300
B) - B) .001 1 B} - B) -

Tmproved A) 5,600 | A) 24,000 4A) 3,300} &) O 32. 900
]

Pasture B) .012 | B) .053|B) ,007} BY -

A) 17,300 | A) 254,700 | A) 8,600 | A)Y O
Unimproved 280, 600

Pasture B) .038 | B)  .564|B) .019 | B) -
A) 300 |A) 1,000[4) 0 A 0

Citrus 1,300
B) .00l |B)  .002(B) - By -

Ay 1,700 | A) 1,400 {A) 100 A) O
Forest 3,200
B} .004 | B) .003 [ B} ,0002 | BY -

Ay 49,200 | A} 75,200 |A) 6,500 | A) O
Swamp ¢ 130,900
B) .109 | B) .166 | B) 014 | BY -

A 0O A) 100 {A) 2,700 | A) ©
Marsh ! 2,800
B) - B) .0002|B) .006 | BY - !
i
A 0 A) 0 A 0 Ay 0O |
Barren : 0
B) - B) - B) - By - i
J
Total ' i
Acres 74,100 356,700 21,200 0 i 452,000
A) Acres

B} Fraction of Total Basin



Table 3.16,
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Acreages and Fractions Occupied by Different Soll Group and
Land Use Combinations, 1972 Land Use =~ Lower Kissimmee Hiver
Basin - PU 13-18,

’ |
1 2 3 4

H
{ !
i ! Soil Group by Total
, Land Use Water Problem Class Acres
! T I
| A) 0 A) 1,300{ &) O A) 0
: Urban 1,300
| B) - B) .003f B) - B) -
E A) 0 A) 1,600 & 0 A) 0
| Crops 1,600
B) - B) 004l B - B) -
Improved A) 25,100 | A) 194,6001 A) 3,500f A) O
Pasture 223,200
B) .056 | B) .431} B) .008| B) -
Unimproved| A) 7,600 | A) 114,800| A) 10,800 A) O 113 200
L]
Pasture By .ol7 | B)  .z54| B) .o24| B) -
A) 1,000 | A) 0 A) 0 A) O
Citrus 1,000
B) ,002 | B) - B) - B) -
5 A) 2,600 | A)  4,300] A) 600| A) O
! Forest 7,500
B) .006 | B) .010{ BY .001} B) -
A) 35,000 | A) 39,800| A) 4,100 A) O
Swamp 78,900
B) .077]| B) .088| B) ,009| B)Y -
A) O A) 0 Ay 2,200 A) O©
Marsh 2,200
B - B} - B) .005f B) -
A) 2,800] A) 300| A) Ay 0
Barren 3,100
B) 006 B) .001} B) B) -
Total 74,100 356,700 21,200 0 452,000
Acres
A) Acres

B} Fraction of Total Basin
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Table 3.17. Acreages and Fractions Occupied by Different Soil Group and
Land Use Combinations, 1980 Land Use - Lower Kissimmee River
Basin - PU 13-18,

1 2 3 4
Scil Group by Total
Land Use Water Problem Class Acres
A) 400 | A) 2,800| A) 0 A) O
Urban 3,200
B) .001 | B) .006| B) - B) -
A) 200 | A) 1,800] A) 0 A) O
Crops 2,000
B) .0004 | B) 004 B) - B -
Improved A) 26,000 | A) 237,500 A) 5,200 | A) O 268. 700
Pasture | By sg | B)  .525| B) .012 | B) - ’
Unimproved A) 5,600 | A) 71,600{ A) 9,300} A) 0 56,500
Pasture B) .012 | B  .158]B) .021| B) - ’
A) 2,500 | A) 0 4) 0 A) 0
Citrus 2,500
B) .006 } B) - B) - B} -

A) 3,200 | A) 4,100] A) 700{ A) 0
Forest 8,000
B) .007 | B) .009 | B) .002 | B) -

A) 33,400 } A) 28,100 A) 6,000 | A) O '
Swamp 67,500
B) .074 | B) .062{ B} ,013| B) -

A 0 A) 10,500(A) 0 A) o
Marsh 10,500
By - B) 023 B) - B) -
A) 2,800 }A) 300{A) O A) 0 }
Barren 3,100 |
B) .006 | B) L001L|B) - B) - :
Total
Acres 74,100 356,700 21,200 0 452,000
A) Acres

B} Fraction of Total Basin



Table 3.18.
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Acreages and Fractions Dccupied by Differentc Seil Group and
Land Use Combinations, 2020 Land Use ~ Lower Kissimmee River
Basin - PU 13-18.

1 2 3 4 |
Soil Group by Total
Land Use Water Problem Class Acres
A) 1,500 | &) 9,100]| A 0 A) ©
Urban 10,600
B) .003 | B) .020| B) - B) -
A) 9,400 | A) 34,200 A) 0 A) O
Crops 43,600
B) .021 B) .076 | B) - B) -
Improved A) 23,500 | A) 255,200 A) 14,500 A O
Past : 293,200
asture B) .052 | B) ,565| B) ,032{ B) =~
Unimproved A) 4,600 | A) 43,600( A} 5,200 A) O 53400
|
Pasture B) .010 | BY  .096| B) .012] B) -
A) 2,100 | A) 0 A) 200 A) O
Citrus 2,300
B) .005 | B) - B) .0004{ B) -~
A) 7,300 | A) 3,900| A) 800 A) O
Forest 12,000
B) 016 B) .0091 B) .002 B) =
A) 22,900 | A) 10,400} A) 5001 A) O
Swamp 33,800
B) .051 | B) .023{ B) .,00L| B) =~
A) 0 A) 0 A) 0 A O
'‘Marsh 0
B) - B) - B) - B) -
A) 2,800 1 A) 300| &) A) O
Barren 3,100
Total 74,100 356,700 21,200 0 452,000
Acres
A) Acres

B} Fraction of Total Basin



IV. QUANTITY AND QUALITY OF RUNOFF

This chapter provides estimates of the historical and projected
quantity and quality of runoff from the planning units. Primary
emphasis is placed on runoff quantity estimates due to the paucity
of quality data. The results from the quantity analysis are pre-
sented in the next section which is followed by a brief section on
quality analysis. The relationship between drainage density and the
quantity and quality of runoff is explored in the latter sections of
this chapter.

HYDROLOGIC ANALYSIS
Introduction

Available watershed models do not address the problems associated
with watersheds dominated by marsh and lake storage, extremely flat
slopes, and long-term seasonal rainfall and flooding (Bedient, 1975).
These are termed depressional watersheds, and are most commonly found
along the Coastal Plain of the Southeastern United States. South
Florida watersheds including the Kissimmee-Everglades region fall into
this category.

The primary purpose of the hydrologic analysis is to estimate
the historical, present and projected rainfall and runoff patterns in
the Kissimmee River Basin. Included in this analysis is the impact of
the wide variety of control structures which have been installed.
Unfortunately, depressional watersheds, lacking the normal dendritic
drainage pattern, are not easy to monitor. This fact is reflected in
Figure 4.1 which shows the USGS gaging stations in the basin as of
1974, Note that the entire lower basin (565 to S65-E) is monitored only
at the upper and lower boundaries. Thus, it is quite difficult to
characterlze the hydrology of this vast area which is undergoing sig-
nificant changes due to channelization and upland drainage. From a
water quality and water quantity point of view, it is important to
estimate the volume and transport pathway of water entering the main
river, i.e., overland flow vs. subsurface flow. Unfortunately, data are
lacking to make this judgment. Only with an adequate monitoring pro-
gram can the hydrology of the Kissimmee River Basin be evaluated
properly. But plamning programs are needed now to properly manage the
area. Thus, hydrologic models have been developed to provide some pre-
liminary judgments regarding the study area. Existing data are used
whenever possible for calibration purposes.

56
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Figure 4.1. USGS Gaging Stations in the Kissimmee River Basin.
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The modeling of depressional watersheds requires a strong emphasis
on soil storage and evapotranspiration changes over long periods of
time. As the soil becomes saturated, the surplus water above the
surface is available for runoff at specified rates dependent on the
vegetative cover and several other factors. Because the rainy season
lasts up to five months in these areas, the model must be capable of
simulating long-term seasonal hydrologic response. During the dry
season, streamflows are maintained largely by slow seepage of base flow
from soil storage. These relationships must also be included in the
model. Thus, depressional watersheds are characterized by very slow
vertical movements of soll moisture and the water table as a function
of rainfall. Lateral runoff is largely determined by land use and soil
storage, but is difficult to measure due to poorly defined drainage
paths.

In order to provide a realistic simulation for these depressional
watersheds, a hydrologic model has been developed based on the daily
water balance technique of Thornthwaite {1948). The procedure, dis-
cussed in detail in the next section, places primary emphasis on soil
storage and potential evapetranspiration dynamics for long-term seasonal
effects. This approach is well suited for modeling of depressional
watersheds,

The Water Balance

The regional hydrologic analysis is based on a water balance
which monitors inputs, outputs, and changes in storage for surface and
subsurface components of each soil-land use complex in the basin. The
results from these individual budgets are combined for an entire plan-
ning unit depending on the soil and land use pattern.

The climatic water balance was first developed by Thornthwaite
(1948) in an effort to characterize the moisture condition of an area
based on a balance between precipitation (P} which adds moisture to
soil storage and evapotranspiration (ET) which removes it. Knowledge
of the relatiounship between P and ET provides information on periods of
moisture surplus (S) and moisture deficit (D), which in turn provides
data on irrigation requirements, surface runoff, groundwater recharge,
and soil moisture storage.

Thornthwaite recognized that the actual water loss from vegetation
varied with the amount of moisture in the soil, but it was not untiil
1955 that modifications were incorporated into the bookkeeping pro-
cedure to allow 1) variation in the available soil moisture from a few
millimeters to over 300 mm, and 2) variation in the rate of water loss
from the vegetated soil surface depending on the existing soil moisture
content. These revisions make it possible to include different soils
with different water holding capacities as well as different root-
zone depths of vegetation. The revised version was published along
with detailed instructions on how to evaluate each component in the
water balance (Thornthwaite and Mather, 1955).
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The various terms and relationships involved in the water balance
are shown in Figure 4.2. The budget can be run on a menthly, weekly,
or daily basis depending on the desired accuracy. Measured values of
precipitation (P) and calculated potential evapotranspiration (PE), which
can be determined for a region by any one of the available techniques
(Tanner, 1967), provide the initial value of excess precipitation
(P-PE). 1If this value is positive, then soil moisture storage (ST)
is increased up to the maximum level (5M), and actual evapotranspira-
tion (AE) equals PE. A water surplus (5) is generated above the ground
surface if (P-PE) exceeds (SM~ST) for a given time increment. For
this condition,

S = {(P~-PE) - (SM-ST). (4.1%

1f the value of (P-PE) is negative, then a loss occurs from soil
moisture storage. The loss is not linear, because as the soil dries,
plants are less able to remove water via evapotranspiration due to
capillary forces. Thornthwaite assumes that the actual amount of
removal is propertiocnal to the level of soil moisture content. This
condition can be expressed by an exponential relation of the form

ST = (sp) o (DWL x AWL) 4.2
where
DWL = depletion coefficient, and
AWL = accumulated potential water loss.

Thornthwaite and Mather (1957) have prepared extensive tables of these
functions, examples of which, for three levels of SM, are plotted in
Figure 4.3. Thus, for the case of curve A, if the accumulated potential
water loss is 50 mm, the resulting soil moisture retained (ST) is 60 mm.
When plotted on semi-log paper, the data shown on Figure 4.3 appear as
straight lines, the slopes of which are the values of DWL.

Because ST is less than SM, the AE term is no longer equal to PE
for the case of negative (P-PE). Instead,

AE = P + |AST]| (4.3)
where

|AST| = avajilable moisture which can be removed from the soil,
over one time step.

The difference between PE and AE is termed the water deficit (D).

The above figures refer to average rather than instantaneous con-
ditions and cannot adequately represent brief periods of heavy rainfall
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Schematic of the Water Balance.
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Figure 4.3. Soil Moisture Depletion Curves (Thornthwaite and Mather 1957).
¥or WHC = 100, 75 and 50 mm, values of DWL (equation 4.2) are
0.0104, 0.6139 and 0.0215 mm~1 respectively.
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or extended drought. Such local conditions can be better modelled using
water balance computations on a daily basis.

Information provided by the water balance is useful for many reasons.
First, it allows the determination of AE, the actual water loss from
plant and soil surfaces, which is usually different from PE. Second,
the difference between PE and AE provides a measure of moisture deficit
which serves as the basis for calculating irrigation requirements or
the extent of drought. Third, when water need is greater than P, that
part of the demand met by stored soil moisture can be determined from
the water balance. Fourth, when P exceeds water needs, the excess
moisture is first used to recharge the soil. The water surplus which
remains will be lost either by surface or subsurface runoff and will
eventually contribute to streamflow or groundwater recharge.

The water balance technique is a powerful predictive tool for
areas undergoing land use and vegetative changes, increased drainage,
and/or urbanization. Drainage of land generally causes a reduction in
soll storage, an increase in surface runoff, and a decrease in ground-
water levels, all of which can be quantified using the water balance.
Increases in irrigation requirements can also be predicted based on
increasing moisture deficits from drainage.

There are several limitations to the water balance Procedure
as originally developed. Because of the extensive distribution of
soil-land use complexes which cccur in a river basin, the technique
has been computerized for rapid calculations on a daily basis. In
addition, a method has been devised to calculate maximum soil moisture
storages (SM) as a function of both soil type and land use, as will be
explained below.

Several additions have been incorporated into the water balance
to better represent the hydrologic response. These are discussed in
detail in the next section. Surplus runoff volumes calculated on a
daily basis are constrained to flow at specified rates depending on
the soil-cover complex. Estimates of base flow are subtracted from
soll storage on a daily basis. Finally, runoff contributions are
summed for each planning unit and a flood routing option 1is available.

HYDROLOGIC-LAND USE MODEL

Land Classification

A hydrologic simulation model has been developed which uses the
Thornthwaite water balance to calculate surface and subsurface runoff
from the watershed being studied. The model, hereafter referred to
as HLAND, determines daily runoff contributions from each soil-land
use complex and sums these to give the total runoff from the water-
shed or planning unit,

Specific areas of soil-land use complexes which comprise the water-
shed must be supplied to HLAND in the form A(I,J,K) where I is the
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planning unit, J is the land use, and K is the hydrologic group based

on the soil type. For the present scheme, there are 18 planning units
or subwatersheds in the basin, seven land use types, and four hydrologic
groups.

The breakdown by land use type and hydrologic group is shown in
Table 4.1 along with other data discussed subsequently. "Hydrologic
groups" 1-4 are based on SCS hydrologic soil groups as indicated. Note
that this is a different classification than that used in Chapter III,
and was used only for the hydrologic modeling. The land use type "marsh"
~cmbines the three land uses marsh, swamp and barren of Chapter III.
(Barren is only a small percentage of the combined "marsh" land use.)
fach additional land use or hydrologic classification adds another row
or column to the table and increases the complexity of the analysis.

It was felt that the seven by four breakdown adequately described the
basin, although improvements may be warranted. For instance, ditched
improved pasture was not included as a land use type because its impor-—
tance to the study in terms of drainage density and pollutant loading
became evident only late in the project, after most of the hydrelogic
work has been completed. TFuture efforts might logically include it or

other classifications.

It will be of use in later analysis to have the spatial break-
down of the Lower KRB (planning units 13-18) for each of the seven
by four land use-hydrologic group combinations. Recalling that this
distribution differs from that used in Chapter 111, Tables 4.2-4.5
give acres and fractions (of the total 452,000 acres) for each combi-
nation for the four years 1958, 1972, 1980 and 2020.

5C8 Method

The Soil Conservation Service (8CS, 1969) curve number method has
been employed to calculate maximum soil moisture storages SM(J,K) for
each soil-land use complex. The rainfall-runoff relations depicted in
Figure 3.5 for various curve numbers depend on the following expression
(5CS, 1969):

F _Q
g = P (4-4)

where

f

F = actual retention,

S' = potential maximum retention (S8' > F),
Q = actual runoff, and
P = potential maximum runoff = rainfall.

The parameter S' is a constant for a particular storm because it is the
maximum that can occur. The actual retention F is a variable depending

on the difference, L.e.,
F=P-0Q. {(4.5)
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Table 4.1. BSoils Taxonomy, Curve Numbers, CN, and Maximum
Soil Storage, SM, for Hydrologic Simulation of
the Kissimmee River Basin

Hydrologic Group

1 2 3 4
SCS Hydrologic A c A/D B/D
Soil Groupa ‘
Soils Association 1 St. Lucie 11 Pomello 13a Myakka 13b Immeokalee
3 Lake 15 Adamsville 18¢ Parkwood 24a Manatee
12a Tavares 22 Basinger 23 Pompano 24¢ Felda
26 Everglades
27 Swamp
Land Useb Curve Numbers and Maximum Soil Storage
1. Urban 72 85 88 88
3.89 1.76 1.36 1.36
2. Crops 67 85 8% 89
4.93 1.76 1.24 1.24
3. Improved Pasture 49 79 84 84
10.41 2.66 1.90 1.90
4, Unimproved Pasture 39 74 39 61
15.64 3.51 15.64 6.39
5. Citrus 72 88 91 91
3.89 1.36 0.99 0.99
6. Forest 45 77 45 66
12.22 2.99 12.22 5.15
7. Marsh 30 71 30 58
23.33 4,08 23.33 7.24

JRefer to Table 3.9 for definitions. A group such as B/D refers to the drained/
undrained situation. However, the presence of drainage channels (land uses 1,
2, 3, 5) is taken to imply high curve numbers (high direct runoff).

b

Note: The following land use-hydrologic group combinations are not found in the
lower KRB for any of the four dates, 1958, 1972, 1980, 2020; however, values are
included in the table for completeness: Urban-1, Crops-1, Forest-1, and Marsh-1.

CAverage SCS Curve Number, CN, (dimensionless}. See also Table 3.10 for
represantative values.

dMaximum 8011 Storage, SM, {inches).
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Table 4.2. Area (100 acres) and Fraction of Total for
each Land Use-Hydrologic Group Combination
for Lower KRB (Planning Units 13-18) - 1958

Land Usea

Hydrologic Group

Total
Areas

1 2 3 4 (100 acres}
1. Urban 0 0 0 0 0
0 0 0 0
2. Crops 0 o 3 0 3
0 0.0007 0
3. TImproved 2 62 99 166 329
Pasture 0.0004 0.0137 0.021¢ 0.0367
4. Unimproved 50 105 1209 1442 2806
Pasture 0.0111 0.0232 0.2674 0.315%¢
5. Citrus 0 3 1 9 13
0 0.0007 0.0002 6.0020
5. Forest 0 12 3 17 32
4] 0.0027 0.0007 0.0038
7. Marsh 0 99 498 740 1337
0 0.0219 0.1102 0.1637
Tatal Areas 52 281 1813 2374 4520

(100 acres)

2All entries compiled from tables in Appendix A.

includes "swamp' and "barren".

Land use "marsh"
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Area (100 acres) and Fraction of Total for

each Land Use-Hydrologic Group Combination
for Lower KRB (Planning Units 13-18) - 1972

a Total
Land Use Hydrologic Group Areas
1 2 3 4 (100 acres)

1. Urban 0 0 11 2 13
0 0 0.0024 0.0004

2. Crops 0 ] 15 1 16
0 0 0.0033 0.0002

3. Improved 15 81 958 1178 2232
Pasture 0.00133 0.0179 0.2119 0.2606

4. Unimproved 27 119 525 661 1332
Pasture 0.0060 0.0263 0.1162 0.1462

5. Citrus 10 0 0 0 10
0.0022 0 0 0]

6. Forest 0 15 45 15 75
0 0.0033 0.0100 0.0033

7. Marsh 0 66 259 517 T B42
0 0.0146 0.0573 0.1144

Total Areas 52 281 1813 2374 4520

(100 acres)

8a11 entries compiled from tables in Appendix A.

includes "swamp" and "barren".

Land use "marsh"
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Table 4.4. Area (100 acres) and Fraction of Total for
each Land Use~Hydrologic Group Combination
for Lower KRB (Planning Units 13-18) - 1980

a Total
Land Use Hydrologic Group Areas
1 2 3 4 (100 acres)
1. TUrban 0 1 22 9 32
0 0.0002 0.0048 0.0020
2. Crop 0 0 17 3 20
0 0 0.0038 0.0007
3. Improved 18 100 1142 1427 2687
Pasture 0.0040 0.0221 0.2527 0.3157
4. Unimproved 24 94 344 403 865
0.0053 0.0208 0.0761 0.0892
5. Citrus 10 0 0 15 25
0.0022 0 0 0.0033
6. TForest 0 23 42 15 80
0 0.0051 0.0093 0.0033
7. Marsh 0 63 246 502 811
0 0.0139 0.0544 0.1111
Total Areas 52 281 1813 2374 4520

(100 acres)

?A11 entries compiled from tables in Appendix A.

includes "swamp' and "barren".

Land use "marsh"
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Area (100 acres) and Fraction of Total for

each Land Use-Hydrologic Group Combination
for Lower KRB {Planning Units 13-18) - 2020

a . Total
Land Use Hydrologic Group Areas
1 2 3 4 (100 acres)
1. Urban 0 1 77 28 106
0 0.0002 0.0170 0.0062
2. Crop 0 17 222 197 436
0 0.0038 0.0491 0.0436
3. Improved 20 175 1035 1702 2932
Pasture 0.0044 0.0387 0.2290 0.3766
4. Unimproved 12 43 319 160 534
Pasture 0.0027 0.0095 0.0706 0.0354
5. Citrus 20 3 4] G 23
0.0044 0.0007 0 0
6. Forest 0 38 50 32 120
0 0.0084 0.0111 0.0071
7. Marsh 0 7 107 255 369
0 0.0015 0.0237 0.0564
Total Areas 52 284 1810 2374 4520

{100 acres)

8A11 entries compiled from tables in Appendix A.

includes "swamp" and "barren".

Land use "marsh"
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Equation 4.4 can be rewritten:

P-Q_9 (4.5)

Q=5T=r (4.7

wnich is the rainfall-runoff relation with the initial abstraction
ignored. The initial abstraction, I , consists mainly of interception,
and surface storage, which occur prigr to runoff. A relation between
Ia and 5, which includes 1 , was developed by means of rainfall and
runoff data from experimen%al small watersheds. The initial abstrac-
tion is brought into the relation by subtracting it from rainfall,

thus yielding, in place of equation 4.4,

T - (4.8)

where F < §, and Q < (P - Ia).
The equivalent of equation 4.7 becomes

2
(P - 1)

Q= -(?—:——Ia‘)—:*g (4.9)

which is the rainfall-runoff relation with the initial abstraction taken
into account, where

S=8"+1. (4.10)
a

The empirical relation between Ia and S from experimental data is

Ia = 0.25. (4.11)
Substituting equation 4.11 into 4.9 yields the final equation:

_ e -0.28)° ) (4.12)

The runoff curve number (CN), is a transformation of S used to
make averaging and interpolating operations more nearly linear. Thus,
given the curve number CN(J,K) for land use J and hydrologic group K,
the associated maximum soil moisture storage in inches is calculated by
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_ 1000
SMIK) = e - 10 (4.13)

Table 4.1 presents the values for SM and CK for the various soil-land
use complexes used in the Kissimmee River Basin analysis. Values for
different land uses are based on Table 3.10.

Changing land use patterns tend to decrease available soil storage
when moving toward the future. An indication of the magnitude of this
change may be seen if average values of SM are computed for the Lower
KRB. This is accomplished by weighting the SM values in Table 4.1 by.
corresponding fractions in Tables 4.2-4.5. The results are shown in
Table 4.6.

Table 4.6. Maximum Average Soil Storages
for Planning Units 13-18.

Land Use SM (inches)
1958 10.51
1972 6.31
1980 5.40
2020 4.04

It may be seen that available soil storages are more than halved when
moving from 1958 to 2020. The implication is that there will be a
shift toward a greater percentage of surface runoff, as will be seen.

Surface Runoff

As described earlier, if soil storage (ST) is at a maximum (i.e.,
equal to SM) and if a rainfall quantity is more than enough to satisfy
potential evaporation, then surplus water is available above the ground
surface for direct runoff: overland flow, interflow and channel flow.
(Interflow is flow that passes through the near-surface soil zone on its
way to a channel.) Thornthwaite and Mather (1955) do not distinguish
between these runoff types nor route this surplus in a hydrolegic sense;
they only remove it In an exponential fashion described below. This pro-
cedure is also followed in HLAND, in which surplus volumes are not
explicitly routed through a planning unit but rather lumped into an
overall daily direct runoff volume. The actual lag and attenuation of
such runoff volumes are approximated using Thornthwaite and Mather's
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exponential runoff procedure; a useful extension of HLAND might be

the inclusion hydrologic routing of direct runoff within a planning unit.
However, such an extension would be at the expense ¢f considerable added
complexity to the computer program and is most likely not warranied if
predictions of hydrographs are desired only at the outlets of planning
units. (In HLAND, these hydrographs are then routed down the length of
the Kissimmee River, as described in Chapter V.)

Direct runoff is delayed and attenuated by specifying that a fractica,
CDET(J,K), of the available surplus water will remain on the land per day.
Thus, the lower the value of the detention constant, CDET, the faster the
rate of runoff from a given soil type-land use complex. Thornthwaite and
Mather provide little information on how to calculate these values. In
their 1955 publication they indicate (page 92) that for a large watershed
only about 50 percent of the surplus water that is available in any month
actually does run off. They also report (pages 24 and 96) for a 40 inch
loam soil that about 90 percent of the gravitational water (available for
either surface or subsurface runoff) is held over in the so0il until the
next day, with the percentage becoming smaller as the soll layer thickness
decreases and as the amount of sand increases. Similar brief comments
about detention constant values are made in their 1957 publication on
pages 193 and 198.

Since direct runoff inciudes interflow, there is some delay in the
actual conversion of rainfall to direct runoff. That is, if 50 percent of
a daily rainfall amount will appear as direct runoff, it does not neces-
sarily mean that the direct runoff all occurs on the same day. In general,
however, the greater the volume of available surplus water, the faster it
will run off. Note that HLAND (and the Thornthwaite and Mather technique)
assumes that all of the surplus water will eventually appear as runcff;
the values of CDET merely delay it.

In the absence of "hard" data, estimates of detention constants were
based upon analogy with SCS curve numbers (CN). As shown in Figure 3.5,
the higher the CN, the greater the percentage of rainfall that appears as
direct runoff, and, as explained in the preceeding paragraph, the faster
it is presumed to rum off. Values of CDET used in the research are shown
in Table 4.7 under the agsumption that soils that are well drained under
natural conditions (SCS Hydrologic Scil Group A) would have about 10 per-
cent of available surplus water appear as direct runoffi per day, while
soils that are poorly drained under natural conditions or drained by chan-
nels under developed conditions have as much as 40 percent per day. Thus,
in general, land use-hydrologic group combinations (Table 4.1) with curvs
numbers less than 70 have CDET values of 0.9 while curve numbers near 90
have CDET values of 0.6. Variance from this generalization (e.g., unim-
proved pasture-hydrologic group 4} is due to an attempt to distinguish
between radically different curve numbers for the same land use.

Note that CDET values increase (CN decreases) when moving into
hydrologic groups 3 and 4 for land uses unimproved pasture, forest and
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Table 4.7, Detention Constants, CDET, Used for Delay of Direct Runoffa,
and Equivalent Detention Times, T, {days).

Hydrologic Group

Land Useb 1 2 3 4
1. Urban 0.0° 0.0 0.0 0.0
0.0d 0.0 0.0 0.0
2. Crops 0.9 0.7 0.6 0.6
9.49 2.80 1.96 1.96
3. Improved Pasture 0.9 0.7 0.6 0.6
9.49 2.80 1.96 1.96
4. Unimproved Pasture 0.9 0.7 0.9 0.8
9.49 2.80 9.49 4,48
5. Citrus g.9 0.7 0.6 0.6
9.49 2.80 1.96 1.96
6. Forest 0.9 0.7 0.9 0.8
9.49 2.80 9.49 4.48
7. Marsh 0.9 g.7 0.9 0.8
9.49 2.80 9.49 4,48

®Direct runoff is overland flow, interflow and channel runoff.

bNote: The following land use-hydrologic group combinations are not found

in the lower KRB for any of the four dates, 1958, 1972, 1980, 2020;
however, values are included in the table for completeness: Urban-1,
Crops-1, Forest-1l, and Marsh-1.

“Value of CDET = fraction of direct runoff remaining on land, per day.
See text for source of wvalues.

quuivalent detention time, T, {days) calculated from equations 4.15 and
4.16.
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marsh. This is because they are assumed to retain their natural charac-
teristics of low runoff (volume and rate) when they are developed, whereac
land uses crops, improved pasture and citrus evince the reverse. ‘lhat is,
the latter three land uses exhibit faster runoff rates because of tha
channelization required for drainage. Urban land use produces very rapid
direct vunoff rates even in Florida where a larger portion way appear as
interflow while en route to drainage channels. Hence, it is reasonabla

to assume that all direct runoff from urban areas occurs within one day
(i.e., CDET = 0.0).

An equivalent exponential decay coefficient may be derived for a
CDET value by noting that

CDET" = e—knAt i Ch.14)
hence
k = - 1n CDET (4+15)
At
. s -1
where k = equivalent decay coeffficient, day ~,
At = time step = 1 day for values of CDET used, and
n = number of time steps.

Average detention time in days is then

T = 1/k (4.16)

These values are also shown in Table 4.7.

Spil Moisture

Depletion coefficients are required by HLAND to describe the ex~
ponential loss of soil moisture due to evapotranspiration (ET) in the
water balance procedure. These are simply the constants, DWL, of
equation 4.2 used to fit the data shown in Figure 4.3. Thornthwalte
and Mather (1957) provide extensive tables of soil moisture retained (8T)
versus accumulated potential water loss (AWL) from which straight-line
fits (visual) %n semi~log plots provided values of DWL for several wvalues
of maximum soil storage (S5M). The value of DWL 1s a function only of
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SM and decreases gradually as SM increases. This is a reflection of the
greater depth occupied by water in soils with high values of $M {(as in-
dicated in Table 4.1}, The deeper the water, the more difficult it is
for ET to occur, (as implied by a low value of DWL). S$ince Thornthwaite
and Mather (1957) indicate (page 244) that the principal decision lies in
choosing the value of SM, their data for the depletion coefficients are
assumed applicable to Florida. 1In HLAND, the value of SM is determined by
analogy to the SCS procedure, as discussed previously.

Values of DWL used in HLAND are shown in Table 4.8. They corres—
pond to the values of SM (and curve numbers) given in Table 4.1 and are found
by linear interpolation between values calculated from the tahles in
Thornthwaite and Mather (1957). Extrapolation was used for the one
value of SM (23.33 in.) outside the range of their tables. Corres-
pondence with curve numbers accounts for all variations within the
table,

Table 4.8. Depletion Coefficients, DWL, Used for Exponential Fit of .
Soil Moisture Depletion Curves (Figure 4.3).

Depletion Coefficients (mm_l)

Hydrologic Group

Land Use® 1 2 3 4

1. Urban .010 .0232 .030 .030
2. Crops .00815 .0232 .0328 .0328
3. Improved Pasture .00406 L0153 L0214 .0214
4, Unimproved Pasture .002586 .0116 .00256 .00638
5. Citrus .010 .030 .0406 .0406
6. TForest .0339 .0136 L0339 .00815
7. Marsh L00177 .010 .00177 .00563

aNote: The following land use-hydrologic group combinations are not found

in the lower KRB for any of the four dates, 1958, 1972, 1980, 2020; how-
ever, values are included in the table for completeness: Urban-1, Crops-
1., Forest-1l, and Marsh-1.
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Base Flow

Base flow contributions may represent a significaat contiibution
to overall streamflow volumes. Duriag dry portioms of the year, stored

soil moisture and groundwater seep slowly toward the river following the

gradient of the land. During flood times, base flow may contribute
large volumes for many days following heavy rainfall events, due to the
saturation of the soil system. The rate of base flow is determined by
particular characteristics of the geology, topography, and soils of a

region. Base flow does not include interflow, a direct runoff component.

Base flow as a function of total storage (soil moisture plus sur-
face storage) has been determined for the total 3260 mileZ KRB by
Langbein (1955} and is depicted in Figure 4.4. Note that the abscissa
of Langbein's relation is total storage: soil moisture plus storage
in lakes, swamps, surface and water table. It was cbtained through
‘the technique of hydrograph separation for 15 years of streamflow data
for the Kissimmee River. In developing the relations Langbein noted
(p. 545) that the average lag for base flow from time or rainfall to
time of appearance at the outlet to Lake Okeechobee is 3.5 months for
the period he studied, 1931-1946. This is for the total basin and in-
cludes travel time through the soil as well as through thannels.
Assuming that the time would be roughly halved for travel time through
the lower basin alone, an approximate total travel time of 5( days
may apply for the lower KRB prior to 1946.

Since the relationship of Figure 4.4 is for the total KRB, it is
not possible to use it directly in HLARD. Moreover, it is unclear what
fraction soll storage (ST) is of Langbein's total storage. Hence, an
equation is used of the following form.

BK (ST+8U)
QB _JBF e 10 for sST+SU > 0.35M 4.17)
0 for ST+SU < 0.35M
where QB = base flow from PU 13-17 (423,300 ac), cfs,
ST = average soil moisture storage over area, in.,

SU = average surplus moisture (available for direct runoff) over
area, in.,

81l = average mazimum soll moisture storage over area (from Table
4,6) in., and

i

BF, BK constants described below.

Values of the constants, BF and BK, are obtained by calibrating against
low flows for the years 1958 and 1972 and are given in Table 4.9. The
resulting equations are plotted in Figure 4.5,
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Figure 4.4. Relationship Between Total Storage (Ground and Surface
Waters) and Base Flow for Entire Kissimmee River Basin
(Langbein, 19553).
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Figure 4.5. Base Flow Relationships (Equation 4.17) Used in HLAND,
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Table 4.9. Values of Base Flow Parameters for Equation 4.17.

Land Use ST + SU (in.) BF (cfs) - BK
1958 < 5.0 300 3.32
> 5.0 400 2.70

1972% < 5.0 100 4.97

> 5.0 200 3.67

aValues for 1972 were also used for 1980 and 2020 in the absence of cali-
bration data for these future years.

Use of the values given in Table 4.9 provided reasonable agreement
between predicted and measured lower basin flows as seen from calibra-
tion run described in Chapter V. It should be noted that the use of
Equatien 4.17 with values from Table 4.9 predicts considerably lower
base flows for 1972 than for 1958 for values of ST + SU less than about
5 in. This is a consequence of lower measured base flows that year
which, in turn, may be due to increased drainage that occurred in the
l4-year interval. The reduction may also be seen in Figure 4.5.

Equation 4.17 is applied to individual planning units by taking
the average value of ST + SU over a planning unit and multiplying the
resulting Qg by the fraction of total lower basin area occupled by that
planning unit. Base flows from individual planning units are eventually
routed down the Kissimmee River, along with direct runoff.

When base flow occurs it is due to release of a fixed number of
inches of storage. These inches are back~apportioned over each land use-
hydrologic group combination in the planning unit on the basis of the
ratio of the ST value for that particular combination to the average
value for the planning unit, such that combinations with higher values
of ST have relatively more inches subtracted for base flow.

The overall base flow technique adopted for HLAND is open to re-
finement. For example, Langbein's procedure could be applied to lower
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basin flows to develop a relation similar to Figure 4.4 but for lower
basin flows alone. There is also a need to relate base flow directly
to soil moisture. However, the method desecribed represents only the
first analysis and may easily be changed if HLAND is altered in the
future.

Rainfall

Daily rainfall totals are input to HLAND for the length of the
simulation period. Point estimates of rainfall from available U. S.
Weather Service rain gages are distributed over the region using the
Thiessen polygon technique. The gages and associated Thiessen weights
used in the simulation are shown in Table 4.10.

Overall Model

Once surface and subsurface contributions of runoff are calculated
for each land use-hydrologic group combination in a planning unit, these
are summed over all A(I,J,K) components to yvield a total daily run-
off from the planning unit. Model output is sensitive to at least
three parameters: 1) the rainfall distribution, 2) the maximum
soil storage levels, and 3) the soil-land use distribution. Any errors
in averaging the daily rainfall wvalues between the few rain gages in
the basin are amplifed in the surface runoff predictioms. Errors in es-
timating areas of various land uses from aerial photographs for 1958 and
1972 regimes also affect model output. Predictions for future land use
patterns obviously determine to a large extent the type of model re-
sponse to be expected. Finally, errors in superimposing land uses and
soil types and in estimating maximum soil storages from curve numbers
provide additional reasons for any observed differences between measured
and predicted hydrographs.

The flood routing section provides a detailed description of the
calibration phase of HLAND for a series of historical years in the
basin. TFollowing this, a complete range of predictive tests are carried
out for projected future land use patterns and control strategies in the
basin. These results provide the essence of the regiomal analysis in
the Kissimmee River Basin, and provide valuable information for further
detailed studies along the river.

Calculated Detention Times

The base flow relation for the lower KRB, equation 4.17, may be
analyzed to give an indication of detention (travel)time experienced in



Table 4.1p, Thiessen Weights and U.S. Weather Service
Used in Simulations,
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Thiessen Weights

Rainfall Stations

Station No.

PU 1 3 4 5 6 7 8 9 10 11
1 .03 .72 .25
2 27 .68 .05
3 .31 +35
4 .02
5 1.0
6 .41 .20
7 .24 .32 A4
8 .08 .61 .31
9 .89 .11
10 .51 49
11 1.0
12 .11 .89
13 .66 .05 .25 .04
14 .08 .37 «30 .25
15 1.0
16 42 .01 «57
17 .52 .48
18 .87 .13
Station No, Name Station No, Name
1. Orlando 7. Avon Park
2. Hart Lake 8. Mountain Lake
3. Nittaw 9. Kissimmee
4, Fort Drum 10. Clermont
5. Okeechobee 11, Lake Alfred
6. Cornwell
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this flow regime. Base flow per unit area is Qg/A. Vhen the reciprocal
is multiplied by the storage depth, the average base flow detention time
for the lower basin is obtained, assuming no effect cf drainage density.
That is, the resulting equation will give detention times as if subsurfarcc
water were flowing through the natural lower basin toward the Kisslmmee
kiver. The effects of upland drainage are considered explicitly in the
subsequent discussion of drainage density. The resulting equation is

_BK ¥y
10
- Ay ~ Ay e
"=1%sq, 12 ° 2 r (4.18)
where T = detention time, days

y = ST + SU = soil moisture plus surplus storage, in.,
A = area of PU 13-17 = 423,300 ac,
QB = base flow from equation 4.17, cfs,

with parameters BF and BK from Table 4.9, 1.98 converts cfs to ac-ft/day
and 12 converts inches to feet. Equation 4.18 may be used to estimate
detention times for various storage levels or integrated to provide averags
values. These are shown in Table 4.11. After climbing to & maximum from
the initial minimum at zero, T decreases as storage increases because the
storage increases linearly while the base flow rate increases exponentially.
Values are generally higher imn 1972 than in 1958 because of the greatly
increased slope of the Qp versus y relationship for 1972 shown in Figure
4.5. That is, T is proportional to y/Qp. It is evident from Figure 4.5
that the same vy produces a much lower QB in 1972 than in 1958 over the
lower range of storages.

Clearly a wide range of detention or travel times exists, depending
upon the assumed storage. (However, bear in mind that effects of upland
drainage have not yet been considered.) The range of storage values ac-—
tually experienced during the HLAND simulations may be deduced from HLAND
results, described subsequently. From the minimum and maximum base flows
from the simulation, the range indicated in Table 4.12 may be derived by
substitution into equation 4.17. Average detention times for these ranges
are inciuded in Table 4.11. Interestingly, the value of 50 days (including
channel travel) inferred from Langbein's results may not be far off.

.

Table 4.12. Range of Storages During HLAND Simulations

. a a

Land Use Min QB Date Yin Max QB Date Y ax
{cfs) {(in) (cfs) (in)

1958 0 4,5/67  3.15° 2,635 6/68 7.0°
1972 D 4,5/67 1.89b 1,220 6/68 5.0¢

fprom Tables 4.15 — 4.20.
Viin = 0.3 times average SM, Table 4.6.

Cy by solution of equation 4.17.
max
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Table 4.11. Base Flow Detention Times for Plapning Units 13-17
(Equation 4.18) With No Effect of Drainage Density

y = ST + SU? (in) T (days)

1958 1972

0 0 0

1 45 115

2 65 139

3 70 127

4 67 103

5 60 ©77

6 56 62

7 50 51

8 43 40

9 37 31

10 32 24

Ave O-Sb 53 101

Ave 5-10° 44 44

Ave 0-10° 48 73

Ave 3.15-7.0°°¢ 56.7 -
Ave 1.89-5.0°°C - 107.4

2Sum of soil moisture, ST, plus surface storage, SU.
bAverage by integration of equation 4.18.

cAverage over range experienced during simulation. See subsequent
analysis.
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The preceding analysis of base flow detention times provides an avex-
age for the lower KRB acting as a whole; differences within individual
planning units are not considered. The latter effect may be important
since it is expected that areas with high drainage density, for in~
stance, will allow more rapid drainage of base flow than areas with
lower drainage density. Unfortunately, this was not possible within the
scope of the study (although base flows from individual planning units
are routed down the Kissimmee River as part of HLAND). However, the effect
of drainage density on the overall subsurface detention time is considered
at the end of this chapter. Final values are given there.

A similar anlaysis was carried out for surface runoff from soil-
land use complexes. Detention storage constants CDET(J,K), defined
previously and listed in Table 4.7, constrain the runoff rate from each
land use in direct proportiom to the amount of surplus water. Equivalent
decay coefficients and average detention times may be calculated from
equations 4.15 and 4.16 and are also presented in Table 4.7. The values
range from 2.0 to 9.5 days, considerably less than the range for seil
storage.

From the above analysis, average values of T can be calculated for
an entire planning unit or basin if the land use-hydrologic group dis-
tribution is known. Recalling that this distribution differs from that
used in Chapter IIT, the fractions in Tables 4.2-4.5 may be used to
weight corresponding entries in Table 4.7. Average detention times for
direct runoff for the lower basin so computed are shown in Table 4.13.

Table 4.13. Average Direct Runoff Detention Times for Planning Units

13-18.

Land Use T {(days)
1958 6.07
1972 4.13
1980 3.15
2020 2.65

As expected, detention times decrease with changing land use because of
more rapid drainage mechanisms associated with development. Although

lag effects due to hydrologic routing of flows within a planning unit

are not explicitly considered, recall that surface detention coefficients,
CUET, are chosen to simulate this effect on an overall planning unirv
basis. Of course, lag effects due to routing down the Kissimmee River
are oonsidered explicitly in Chapter V.
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Results of HLAND Analysis

The predicted monthly surface and subsurface runoff for planning
units 13-17 for 1958, 1972 and 2020 land use conditions are presented
in Tables 4.15 to 4.23. Summary totals, illustrating the effect of
land use changes, are shown in Table 4.24. For comparison purposes,
measured runoff volumes from the lower KRB are given below in Table
4,14. These were computed from USGS streamflow records by subtracting
from measured flows at S65-E (entire basin) the measured flows at
865 (upper basin) and flows from Lake Istakpoga.

Table 4.14. Measured Lower KRB Runoff Volumes.

Calendar Year Annual Runoff (1000 ac-ft)
1967 125
1968 578
1969 819

The measured runcoff predicted by HLAKD for 1972 land use (Table 4.24)
may be compared with the values in Table 4.14., The yvears 1968 and
1969 compare well, but predicted runoff for 1967 is considerably
higher than measured. {f course HLAND is run under comstant 1972 land
use conditions soc the comparison is only approximate in any event.
However, since the base flow relation was not calibrated for 1967, it
apparently predicts wvalues that are too high in this instance.

Table 4.24 illustrates the expected shift between surface and sub-
surface (base) flows with changing land use. Under 1958 land use con-
ditions, for example, about 14 percent of the runoff occurred as surface
flow compared to 48 and 67 percent for 1972 and 2020, land uses re-
spectively. This is caused by drainage practices associated with de-
velopment (which alter SCS curve numbers in HLAND).

The total volume of runoff is greater under 1958 conditions com-
pared to 1972 and 2020, That is, the subsurface rumoff decreases by
more than surface runoff increases. The main reason for this is the
altered base flow relation {equation 4.18 and Figure 4.5) used for the
different periods. The equation and parameters were derived by cali-
bration against flows and rainfall in 1958 and 1972; hence, they are



Tablie 4,15, Predicted Surface(s) and Subsurface (G

1958 Land Use and 1967 Rainfall,

) Runoff (1000 acre-feet) by Planning Unit

Emuﬂ.”:m JAN FEB MAR APR MAY Juy JUL AUG SEP oCT NOV DEC | Total
13 (S) 0 0 0 0 0 1.6 .6 1.6 4 .2 0 .1 4.5
13 (G) 1.5 4.2 2.2 0 0 3.4 8.5 13,0 7.7 5.5 0 2.7 48.7
14 (8) 0 .1 0 0 0 .1 .3 0 .4 .4 1] 0 1.3
14 () 1.5 8.9 6.7 1] 0 4.6 19.0 14.0 17.0 21.0 3.2 5.5 101.4
15 (8) 0 .1 0 0 0 .4 0 0 2.6 2.9 0 0 6.0
15 (G) 1.0 4.1 2.8 0] 0 3.7 2.7 2.9 10.0 15.0 2.4 2.2 46,8
16 (S} 0 .1 0 0 0 .1 .1 0 .7 1.0 ¢ 0 2.0
16 (G} 1.6 10.0 6.8 0 0 5.7 13.0 6.8 18.0 27.0 4.0 4.9 97.8
17 (9) 0 .1 g 0 0 0 0 ] .8 4.1 1] 0 3.0
17 (G) .m 2.8 2.1 ¢ 0 1.2 3.1 .3 7.1 13.0 1,2 1.4 32.8
Total 6.2 | 30.4 | 20.6 0 0 20.8 | 47.3 | 38.6 | 64.7| 90,1 | 26.3|16.8 | 346,3
_:Mmmst 61 1.0 9l .4 T 8 14 2.3 3.6 3.9 6| .7

Upredicted peak flow rate (total, including inflow at S-65) during month at S-65E.




Tahle 4,16. Predicted Surface
1958 Land Use and

(8) and Subsurface(G) Runoff (1000 acre-

1968 Rainfall.

feet) by Planning Unit

Em”””_ﬁ JAN | FEB MAR APR | May JUN JUL | Avue | sEP ocT NOV | DEC | Total
13 () | 0 0 0 0 2.8] 18.0| 13.0f o 1.1 3.6 | .4{ 0 38.9
13 | 9.3 5.2 4.1 0 3.6y 28.0| 26.0| 6.6] 7.3| 13.0 ! 11.0] 2.9 {117.0
1w () | o 0 0 0 2| 21.0| 16.0f o© 0 6| 0 0 37.8
1« () | 15.0 | 8.8 6.8 0 3.1 49.0 7 37.0{ 8.1 7.7| 13.0) 14.0{ 2.8 |165.3
15 () | o 0 0 0 T 5.7 1 .3 .3 31 0 0 7.4
15 (©) 6.9 3.1 2.6 0 2.4 21.0 6.4 3,2 8.5 7.4 2.9 0 64.4
16 () | o 0 0 0 2| 6.6 ] 3.6| 0 0 51 0 0 10.9
16 (6 | 18.0 8.0 5.2 0 2.8| 45.0 1 30.0( 7.2] 11.0| 15.0 | 12.0| .6 | 154.8
17 () | 0 0 0 0 1} 6.6 3] o .3 20 0 0 7.5
17 6 | 59| 2.8]| 1.2 0 70 16,0 9.0t 2.2 6.3 5.3 4.2| .5 | 541
Total | 55.1 | 27.9 | 19.9 0 16,61 216.9 |141.4 | 27.6| 42,5{ 58.9 | 44.5 | 6.8 | 658.1
rammmrwa L5, .8 .7 2| L4 69) 8| 42) 3.3 30| 1.3] .5

qpredicted peak flow rate (total,

including inflow at $-65) during month at $-65E,




Table 4.17. Predicted Surface(s) and Subsurface(G) Runoff (1000 acre-feet) by Planning Unit
1958 Land Use and 1969 Rainfall.

F Hmmumzm JAN FEB MAR APR MAY JUN JUL | Aug SEP 0CT oV DEC | Total
13 (s) .2 0 8.0 1.9 3.9 1.5 .9 .3 .3 26,0 0 .3 43.3
13 {6) 7.2 4.0 19,0 9.6 18.0 11.0 9.7 16.0 7.6 29.0 11.0 8.8 150.9
14  (S) o 0 5.9 .5 1.6 .3 .2 1.0 0 42.0 0 .1 51.6
14 (G) 11.0 6.6 | 33.0 15.0 ) 31.0| 18.0 | 15.0 | 27.0 | 12.0 | 45.0 16.0 113.0 [242.6
15 (5) 0 4] 1.3 .3 5.4 .2 .1 -3 0 7.2 0 0 15.0
15 (G) 4.1 2.1 | 11.0 5.4 | 11.0 6.4 5.4 9.4 4,21 18.0 6.1 | 4.5 87.6
16 (s) 3 o 2.0 .3 .6 .2 .1 6] 0 17.0 | 0 0 21.1
16 (¢) | 11.0 5.6 | 29,0 14.0 | 28.0 1 17.0 | 14.0 | 25.0 | 11.0| 47.0 16.0 112.0 [229.6
17 (8) 0 0 1.2 .2 .3 .2 .1 .3 0 9.3 0 g 11.6
17 (6) 3.6 1.8 10.0 4.4 9.5 5.4 4.6 8.2 3.5 14.0 ﬁ.@ 3.5 713.4

Total 37.4 1 20,1 [120.4 51.6 £ 109.31 60.2 | 50.1 | 88,3 | 38,6 |254.5 | 54.0 42,2 {926,7
Epmmmxwma 43 1 L1167 | 45 3.8) 2.5 | 1.2 2.3 4.4 17.8 | 4.2 | 5.5

fpredicted peak fiow rate (total,

including infiow at S -65)

during month at S5-65E.




Table 4.18. Predicted Surface(S) and Subsurface(G) Runoff {1000 acre-feet) by Planning Unit
1972 Land Use and 1967 Rainfall.
P _m”mm_.m JAN FEB MAR APR | MAY JUN JUL AUG SEP ocT NOV DEC | Total
13 () 0 0 0 0 0 1.3 1.3 3.2 .9 A 0 0] 9.1
13 () .7 3.7 1.8 0 0 2.9 6.9 9.7 6.6 4,7 0 2.5 39.5
14 (8) 0 1.4 0 0 0 1.7 4,2 0 4.8 2.9 0 0 15.0
14 (&) A 6.3 5.3 0 0 4.0 13.0 10.0 12.0 14.0 3.2 4.4 72.6
15  (5) 0 .8 0 0 0 2.1 0 0 6.7 5.7 0 0 15.3
15 (6) .3 2.6 2.2 0 0 2.4 2.0 2.1 6.1 9.4 2.6 1.9 31.8
16  (8) 0 5.1 .1 0 0 5.0 4.4 0 19.0 13.0 0 0 46.6
16 (G) .3 2.8 2.4 0 0 2.6 4.0 2.5 3.5 4.4 1.8 2.2 26.5
7 () | o 1.3 o 0 0 6] 0 0 9.6 8.9 | 0 0 20.4
17 (G} .1 .9 .8 Q 0 .8 1.1 .1 1.7 2.1 .8 .9 9.3
Total 2.0 | 24.9 | 12.6 0 0 25.4 | 36,9 } 27,6 | 70.9| 65.5 | 8.4 | 11,9 | 286.1
h:mmm_ﬁw@ 31 17 e 4 7l 1.8 15|21 57| 45| s 5

mwnmmwnnma peak flow rate (total,

including inflow at 5-65) during

month at S-65E,




Table 4, 19. Predicted Surface(S) and Subsurface{G) Runoff (1000 acre-

1972 Land Use and 1968 Rainfall.

feet) by Planning Unit

Emmﬂaw JAN _— MAR APR MAY JUN JUL AUG SEP ocT NOV DEC | Total
13 (8) 0 0 0 0 5.6 23.0 14.0 0 2.3 6.6 .8 0 52.3
13 (c) .9 2.0 2.9 0 2.9 21.0 21.0 6.0 6.5 11.0 8.8 3.1 86.1
14 (S) 0 0 0 0 3.8 38.0 25.0 0 0 6.0 0 0 72.8
14 (G) 2.0 2.9 4.5 0 2.3 31.0 24,0 6.9 6.4 8.9 10.0 3.21102.1
15 (S) 0 0 0 0 3.2 11.0 .3 1.5 1.4 1.5 0 0 18.9
15 {G) .8 1.2 1.9 0 1.6 12.0 4.8 2.7 5.4 5.0 2.5 .1 38.0
16 (8} 0 0 0 o 8.5 44.0 20.0 .5 1.5 14.0 0 1] 88.5
16 {(G) .8 1.7 2.1 0 i.l 6.8 5.0 2.3 3.3 3.7 3.1 .7 30.6
17 (S) 0 0 0 0 2.3 19.0 4.6 0 5.3 3.2 0 0 34.4
17 (G) W2 .6 .6 0 .3 2.8 1.9 1.0 1.6 1.5 1.3 -4 12.2
Total 4,7 8.4 12.0 0 31.6 | 208.6 |120.6 20,9 33.7 61.4 26.5 7.51535.9
Peak™ .4 .5 .5 20 2.7 9.8 8.4 4.0 3.3] 5.3 1.0 .4
| (1000 c¥e)

8predicted peak flow rate (total, including inflow at S -65) during month at S~65E,




Table 4.20. Fredicted Surface(s) and Subsurface(G) Runoff (1000 acre-feet) by Planning Unit
1972 Land Use and 1969 Rainfall.
Em”ﬁ:w JAN FEB MAR APR MAY JUN JuL, AUG SEP 0CT Nov DEC | Total
13 (5) 2.3 0 13.0 3.6 6.9 3.0 2.0 5.9 .5 30.0 0 .6 67.8
13 {G) 6.2 3.3 14.0 7.9 14.0 8.8 3.0 13.0 6.5 23.0 9.7 8.0 122.4
14  (S) 3.3 0 17.0 4.4 9.1 3.7 2.6 7.0 .7 54.0 0 .9 HONMM
14 (G) 8.2 5.2 21.0 11.0 20.0 12,0 11.0 18.0 8.8 29.0 12.0 10.0 | 166.2
15 {s) 1.0 0 4.6 1.4 2.5 1.2 .8 2.1 2 12.0 0 .2 26.0
15 (6) 2.9 1.6 7.1 3.8 6.9 4.3 3.9 6.2 3.1 11.0 4.6 1.6 59.0
16 (5) 3.2 0 28,0 8.9 16.0 7.6 5.7 14.0 1.5 52.0 0 2,11139.0
16 {(G) 3.4 2.3 5.4 3.3 4.8 3.3 3.5 4.5 3.1 7.3 4.1 4.0 49,0
17 (8) 1.2 0 9.9 3.2 5.6 2.7 2.1 4.9 ) 18.0 0 .8 49.0
17 (G} 1.3 .8 2,0 1.3 1.9 1.3 1.4 1.7 1.2 2.9 1.6 1.5 18.9
Total 33,0 13,2 |122,0 48.8 87.7 47.9 41.0 77.3 26,21 239,2 32.0 31,7 | 800.0
Peak 2.0 1.0 6.1 5.50 4.70 3.6 | 1.3] 2.6] 4.2] 22.8 3.61 5.3
| (1000 cfs)

Apredicted peak flow rate (total, including inflow at

8-65) during month at S-65SE.




Table 4,21.

Predicted Surface(5) and Subsurface(G) Runoff (1000 acre-

2020 Land Use and 1967 Rainfall.

feet) by Planning Unit

P wm”m:m JAN FEB MAR APR MAY JUN JUL AUG SEP 0CcT NOV DEC | Total
13 (8) 0 .1 0 0 0 6.9 2.8 6.3 2.1 .8 0 .1 19.1
13 (6) .9 2.4 1.3 o 0 2.1 4,2 5.1 3.9 3.0 0 2.0 24.9
14 (5) 0 4.1 0 0 0 4.7 11.0 -1 13.0 7.4 0 .1 40.4
14 (G) .6 3.8 2.9 o 0 3.3 6.7 5.0 5.7 5.8 1.7 2.9 38.4
15 (8) 0 1.8 0 0 0 4.0 .2 0 11.0 8.3 0 0 25,3
15 (G} .5 1.5 1.4 0 0 1.5 1.3 1.4 3.1 4.6 1.7 1.6 18.6
16 (S) 0 6.2 .1 0 0 6.2 5.2 4 21.0 14,0 0 0 52.7
16 (G .5 2.4 2.0 0 0 2.4 3.5 2,2 2.8 3.5 1.4 1.9 22.6
17 . (5} 0 1.4 0 0 0 .8 .2 0 9.1 8.9 .o 0 20.4
17 (G} .2 .9 .8 0 0 .8 1.2 o2 1.7 2.4 .8 LA 9.4
Total 2.7 24,6 8.5 0 0 32,7 36,3 20.3 73.4 58,7 5.6 9,0} 271.8
_Icmmmxma 3120 s AL 7b 2 2.0 2.0 6.6 4.5 .3 A |

Apredicted peak flow rate (total, including inflow at 5-65) during month at S~65E,

T &8



Table 4,22. Predicted Surface(S) and Subsurface(G) Runoff (1000 acre-

2020 Land Use and 1968 Rainfall.

feet) by Planning Unit

F wm””mzm JAN PEB MAR APR | MAY JUN JUL | AU | sep ocT ¥ov | DEC | Total
13 (s) 0 0 ] 0 11.0 34,0 .19.0 0 4.9 12.0 1.9 0 82.8
13 (@) .b 1.3 2.1 0 1.9 9.4 9.5 3.5 4.1 5.7 4.8 2.5 45.4
14 (8) 0 0 0 0 10.0 60.0 34.0 .1 .2 16.0 .2 0 120.5
14 (G) 1.1 2,0 2.9 0 1.5 11.0 8.5 3.4 4.1 4.4 3.0 1.6 45.5
15 (s) 0 0 0 0 5.9 16.0 .8 2.9 3.0 2.9 0 0 31.5
15 (c) .5 .8 1.3 0 1.0 5.9 2.7 1.9 2.8 2.8 1.6 A 21.7
16 (5) 0 0 0 0 9.9 46.0 21,0 1.2 2.1 15.0 0 0 95.2
18 (G) .7 1.5 1.8 0 1.0 5.4 3.9 1.9 2.8 3.0 2.5 iy 24.9
17 (5) 0 0 0 0 2.4 19.0 4,4 .6 4.9 3.1 0 0 34.4
17 (G) .2 .6 .6 0 .3 3.0 2.1 1.1 1.7 1.6 1.4 .b 13.2
Total 3:1 6,2 8.7 0 44,91 209,7 | 105.9 16,6 30.6 66.5 17.4 5.5 515.1
_:mmmrwﬁ N 4 4 2 48] 12,20 9.2| 3.8 3.4 7.0 .9 4

mmnmawnnma peak flow rate (total,

including inflow at 5-65%) during month at S-65E,




Table 4.23.

Predicted Surface(S) and Subsurface(G) Rumoff

2020 Land Use and 1969 Rainfall.

(1000 acre-feet) by Planning Unit

Emmmwsm JAN FEB MAR APR MAY JUN JuL AUG SEP 0CT NOV DEC | Total
13 (s) 8.4 .1 22.0 6.9 12.0 5.9 4.4 11.0 1.1 40.0 A 1.4 113.3
13 (G) 11.0 5.2 9.2 5.0 7.1 4,7 4.7 6.1 3.9 11.0 5.8 5.1 78.8
14 (8) 14.0 .2 37.0 12.0 21.0 9.9 7.5 18.0 2.1 69.0 .2 2.71193.6
14 (G) 10.0 5.5 9.8 5.5 7.7 5.1 5.3 6.8 4.5 11.0 6.0 5.7 82.9
15 (S) 3.5 .1 8.5 2.6 4.6 2.3 1.9 3.9 .6 17.0 .1 .7 45.8
15 (G) 6.5 2.7 5.0 2.6 3.9 2.5 2.4 3.3 2.0 5.8 2.8 2.4 41.9
15 (5) 10.0 A 31.0 10.0 17.0 8.7 7.2 15.0 2.3 55.0 .2 2.6 159.4
16  {G) 5.0 3.0 5.1 2.9 4.0 2.7 3.0 3.6 2.6 5.8 3.3 3.3 44.3
17 (S) 3.6 .2 9.7 3.1 5.5 2.7 2.3 4.7 .8 18.0 .1 .8 51.5
17 (6) 2.9 1.5 2,7 1.5 2.1 1.4 1.4 1.9 1.2 3.1 ﬁ.w 1.5 22.9
Total 74,9 18,9 | 140,0 52,1 84,9 45,9 40,1 74,3 21,1} 235,7 20.3 26,2 | B34,4
Peak @
1000 ety 5-4 1 1.1 10.9 7.1] 6.3) 4.7 1.6 2.9| 4.0] 28.4 | 3.4 5.2

8predicted peak flow rate {total, including inflow at S-65)

during month at S5-65E.




Table 4.24. Summary Totals of Predicted Surface (S) and Subsurface(G) Runoff (1000 acre-feet) by Planning Unit
and Land Use.

Planning Unit

Land Rainfall 13 14 15 16 17 Totals

Use Year Total®(im) § G s G s fel S G s G s G Total

1958 1967 41.1 4.5 48.7 1.3 101.4 6.0 46.8 2,0 97.8 5.0 32,8 18.8 327.5 346.3
1968 53.8 38.9 117.0 37.8 165.3 7.4 64,4 10,9 154,8 7.5 54.1 102,5 555.6 658.1
1969 56,7 43,3 150.9 51.6 242.6 15,0 87.6 21.1 229.6 11.6 73.4 142.6 784.1 926.7
Ave. 50.5 28.9 105.5 30.2 169.8 9.5 66.3 11,3 160.7 8.0 53.4 88,0 555.7 643.7

1972 1967 41.1 9.1 39,5 15,0 72,6 15.3 31.8 46.6 26.5 20.4 9.3 106.4 179.7 286.,1
1968 53.8 52.3 86.1 72,8 102.1 18.9 38.0 88.5 30.6 34.4 12,2 266.9 269.0 535.9
1969 56.7 67.8 122,4 102.7 166.2 26.0 59.0 139.0 49.0 49,0 18,9 384.5 415.5 800,0
Ave. 50.5 43,1 82,7 63,5 113.6 20.1 42.9 91.4 35.4 34.6 13.5 252.6 288.1 540.7

2020 1967 41.1 19.1 24.9 40,4 38,4 25,3 18.6 52.7 22.6 20,4 9.4 157.9 113.,9 271.8
1968 53.8 82.8 45.4 120,5 45,5 31.5 21.7 95.2 24.9 34,4 13,2 364.4 150,7 515.1
1969 56.7 113.3 78.8 193,6 82.9 45.8 41.9 159.4 44.3 51.5 22.9 563.6 270.8 8344
Ave. 50.5 71.7 49,7 118,2 55.6 34.2 27.4 102.4 30.6 35.4 15.2 362.0 178.5 540.4

b

AAnnual total, Thiessen weighted for planning units 13-17.
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expected to approximate the true system reasonably well. 1f anything, the
1972 base flow relation overpredicts flows since the predicted flows for

the dry year, 1967, were considerably higher than measured flows. The reduas~
tion in the base flow relation (less base flow per inch of storage) presumszhiy
results from the larger network of chamnels in the basin which tends to
equalize ground water levels and reduce gradients.

Anotner factor in the reduction of base flow is the reduced soil moisiuvre
storages with changing land use (Table 4.6). The largest drop occurs betweun
1958 and 1972; succeeding changes are not as great. When the same base flow
relation is used (as in 1972 and 2020) Table 4.24 shows that the small dron in
gsoil moisture between these years creates only an insignificant reduction in
total runoff volume.

. Figure 4.3 shows that evapotranspiration losses are higher with lowered
total soil moisture, that is, the greater the slope of the depletion curves,
the greater the actual loss of water. Again, this is a reflection of the fact
that ET losses occur more easily from shallow soil moisture layers than from
deep ones., Thus, later land uses with drainage of soil layers to adjacent
ditches would be expected to exhibit increased ET losses. Changing vegetation
in the basin can also affect the total water balance; however, this has not
been considered explicitly in the model other than in how it may affect S5CS
curve numbers.

The difference in predicted total annual runoff between 1958 and 1372
conditions of 103,000 ac-ft is equivalent to 2.7 inches per year over the
lower basin. This difference is presumed to be lost as additional ET. Since
the comparison is for identical rainfalls it is not possible to verify this
prediction directly. However, has, in fact, the rainfall-runoff relation for
the lower KRB changed between 1958 and 1972? 1In particular, is less runoff
derived from rainfall at present than in the past? Studies summarized by
Marban (197b) indicate a trend toward the opposite result for the lower basin
(more runcoff per rainfall unit) although such trends are not statistically
significant at the five percent level (Huber 1976). Nonetheless, the large
predicted reduction of 2.7 inches caused by the altered base flow relationship
wust be considered doubtful, in spite of the reascnable agreement between
measured and predicted flows shown in Chapter V. The ratios of surface
{direct) to subsurface runoff are expected to be approximately correct, however,
since they are evident even when there is no alteration in the base flow func-
rion (e.g., between 1972 and 2020). The basic reason for the changing ratios
is the reallocation of runoff from the surface soil layers (above the water
levels in adjacent channels). Formerly they contributed to subsurface flow.
Presently they contribute, via interflow, to the surface runoff component.

In summary, it is apparent from Tables 4,15-4.24 that the major transitios
which accompanies development is the shift from predominantly subsurface run-
off to surface (direct) runoff. Accompanying such a transition would be much
higher peak runoff rates and degraded water quality due to less use of the scil
system as a purification mechanism. Concerning water quality, shorter deten-
tion times contribute to an Increase in nutrient loading from intensively
drained areas. Surface flows, with relatively short detention times compared
to base flow, are assumed to contribute the majority of total phosphorus from
the land. Because average surface response occurs over a rather narrow range
of detention times, 2.0 to 9.5 days, it is necessary to investigate more carefully
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the concept of surface drainage mechanisms as they affect water quality.
Detailed studies of river, lake, and marsh drainage areas are discussed

later.

POLLUTANT LOADINGS

The only readily available method to estimate non-point source load-
ings of nutrients from a group of land uses is to take field measure-
ments, or use information from the literature. A detailed review of
non-point pollution sources from a variety of land uses is presented
by Bedient (1975). Figures 4.6 and 4.7 summarize the essence of the
problem, showing that nutrient loading rates for precipitation, forest
land, and cropland take on a range of values depending on specific land
management practices. Where animal densities exceed normal levels as
in animal feedlots, nutrient loading rates are several orders of magni-
tude larger. These values are reported on a per acre basis, and when
averaged over an entire watershed feedlot contributions may assume lower
values compared to cropland or improved pasture receiving manure. The
above results represent loads which are transported off-site.

Few studies have addressed the problem of primary nutrient sources
on the land, mainly because it is difficult to generalize about the many
interacting variables which influence the results. In attempting to re-
late fertilizer rates with observed nutrient tramsport, the transport
mechanisms defy an accurate description. Cattle density or loading per
animal represents a major source of nutrients in improved pasture
areas. But grazing and migration patterns significantly influence the
results, and transport mechanisms are difficult to quantify. Drainage
practices may cause the release of nutrients from the soil system and
thus act as a source, but this mechanism is difficult to isolate from
other nutrients being transported through drainage canals. In general,
nutrient source loads on the land are difficult to quantify. Most
research efforts have been aimed at the measurement of nutrients trans-
ported from a site, as a function of land use, cattle density, or fer-
tilizer rates. However, loading parameters were investigated for the
Kissimmee River Basin, and results are presented in the next section
along with the concept of drainage density as an indicator of transport
mechanisms from the land.

DRAINAGE DENSTTY

Introduction

Drainage density, Dg, occupies a central position in describing the
drainage basin because it is closely related to other basin characteristics,
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as well as to input to the basin and output from the basin. Defined as
the length of streams per unit of drainage area (e.z., miles per squsare
mile}, drainage density was found to be a highly sigrnificant parameter
during the course of this research. Appendix B presents a general harb-
ground of basin characteristics related to drainage demsity and the
details of measurements for the Kissimmee River Basin. The remainder

of this chapter presents the relationships developed between Dd and water
quality parameters.

Hydrologic Effects

Attempts have been made to relate the drainage density index to a
variety of climatic inputs and basin outputs. The main thrust of these
studies has been to look at streamflow response for a variety of water-
sheds with different soil, topographic, and drainage characteristics.
Results usually relate some measure of average annual streamflow to
Dd.

The main objective of this effort has been to describe and quantify
various hydrologic~land use interactions which occur within a single
river basin or watershed. There is a definite need to explain the dis-
tribution of effects which are observed at various leocations within the
river basin, such as surface runoff volumes and nutrient loading rates.
If these can be related to various land use activities and drainage
practices, then the question of control measures for these problemes can
be realistically addressed.

Results from the Kissimmee River Basin, with regard to hydrologic
response predicted by HLAND, indicate the significance of land us2 and
soil moisture capacity in determining runoff volumes. Fipure 4.8
shows the typical response, measured as percent runoff which comes from
surface flow, for flood and drought cenditions at varicus locations
along rhe river. About 70 percent of total runoff is via surface routes
downstream of planning unit 15 compared to about 30 percent on the wup-
stream side. This predicted response is due primarily to drainag=
activities which have reduced the fluctuations of the water table and
available soil moisture storage below PU 15. If one plots the percent
surface runoff against Dg for each planning unit, the result indicates
that they are approximately linearly related (Figure 4.9). Annual
mean flood in m3/sec per square mile of watershed has been related to
Dgq (Figure %4.10)by other investigators. A data point for the Kissimmes
River Basin has been inserted onto the graph.

Water Quality Effects

Previous discussions of water quality and non-point source leadings
have indicated that land use type is an important parameter in determining
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specific nutrient loadings. Various ranges in values for nitrogen

(N) and phosphorus (P) have been reported in the literature under &
variety of climatic and land management conditions. However, tke
nutrient source loadings which are reported rarely include any measure
of intensity of use, which has a definite effect on potential for ofZ-
site transport. While cattle density, fertilizer rates, and grazing
practices have significant effects on nutrient source loadings in the
Kissimmee River Basin, drainage density is by far one of the most repre-
sentative indices of nutrient transport off-site. Because of the cver-
all uniform slope. and character of agricultural land use in the Jower
basin, it was felt that drainage density might provide a valid gemeral
indicator of nutrient concentrations measured in the tributaries.

The relationship of Dg to average length of overland flow, along
with nutrient leoading potential, is analogous to the concept of sedi-
ment delivery ratios, defined as the fraction of gross erosion delivered
to a stream {Midwest Research Institute, 1975). This is under the as-
sumption that nutrients are often fixed to sediment or will "erode" in
an analogous manner (EPA, 1973). The basic approach considers the size
of a unit watershed as a function of the potential for sediment delivery
off-site. Figure 4.11 shows the sediment delivery ratio to be expected
from various unit watershed sizes. The concept of drainage density can
be placed into this same general framework, because the reciprocal of the
square of Dd provides an estimate of the area of the unit watershed.

The relationship between D3 and unit watershed area is schematically
presented in Figure 4.12 for various land use types. Thus, the associ-
ated potential sediment delivery ratios increase dramatically fer the
more intensively drained areas (Figure 4.11). Because nutrients such

as phosphorus tend to be associated with the soil, the potential for nu-
trient loading from these areas also increases. Such reasoning leads

to the hypothesis that increased levels of Dg may be associated with
increased nutrient concentrations and loading rates.

During 1973-1974 the FCD conducted a monthly water quality sampling
program along the Kissimmee River from which an indication of tributary
quality may be found. The sampling program is described in more detail
in Chapter V; however wet season (May-August1974) data are shown in
Table 4.25. These are selected since most runoff occurs during these
months; hence, most of the total P emissions are expected to occur during
this period as well. Average total P concentrations are plotted against
drainage density (from Appendix B) in Figure 4.13 and peak total P
concentrations are similarly plotted in Figure 4.14. The resulting
straight line shown on the plots is simply a visual fit, but a positive
correlation is definitely indicated in both instances. The importance
of these relationships is not the actual measured values of Dy and
associated P concentrations (they should not be used for predictive
purposes). Rather, they simply illustrate the fact that higher drainage
densities tend to be associated with higher concentrations.
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Table 4.25.

Moasured” Wat Season 1974 Total P Concentrations and Cemputed Tot

a1l P Loadings

. TP, May- Predictad Meonthly P.T. d
. . Planning Dare of Aug 74, Ave. Surfaca Runoff® Area P Loading
Tributary Location® Unit Sample (nmg/l) (ac—ft} {inches) (ac) (kg/ac-mo)
Ice Cream Slough 13 (West}  S/8/74 0 0.026 94,700
6/12/74 "
7/10/74 o 30,156 3.89 0.012
o/18/74 0
Blanket Bay Slough 13 (Teoz) 72074 0.033 0.183 94,700%
2113/ 74 G.054
7020174 0485 30,150 3.89 G.195
8/14/74 .150
Pine Island Slough 14 6/12/74 L.07% 0.040 143,100
7716775 0.5:2 22,900 1.92 0.612
3114774 0.035
Gak Creek 15 7/11/74 0.247 0.174 8,950 2.60 41,300 0.066
8/15/74,  0.100 ,
16/2/73 0.054 2,5808 0.758
Chandler Siough 16 L7 2,051 0.301 106,100
€/11774% 0.6050
719774 9.357 44,200 5.00 0.435
8/12/74 . 0.290
10720735 0.124 15,650° 1.778
Yates Marsh 17 (East}  5/7/72 0.028 0.178 38,100
: 6/1%, G.oo8 )
7/5iT4 0.357 i2,475% 3.93 0.145
B/13/74 0.253
¥aple River 17 {weszy  5/7/7% 5,030 0.454 38,100
6711774 6.459 .
7/9/74 0.795 12,475% 3.93 0.322
§/13/74 £.550

901
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Notes to Table 4.25.

aUnpublished FCD data from 1973-74 monthly sampling program.

See Figure 5.10 for locations of tributaries along Kissimmee River.

“Predicted by HLAND using 1972 land use. Values are given only for
points shown on Figure 4.15.

From equation 4.20 for July 1974.
®Value for entire planning unit.

Additional value shown on Figure 4.15.

ERunoff computed for September 1973 since P sample was at beginning
of October.
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With regard to nutrient loading rates, data on both hydrologic
flows and nutrient concentrations must be available. While water
quality monitoring has been extensive throughout the basin, the associ-~
ated measurement of flows entering the river is unavailable on a con-
tinuous basis. However, predictive capabilities of the model HLAND
provide for the simulation of surface and subsurface runoff from each
planning unit on a daily basis.

Realizing the errors involved in the monthly water quality measure-
ments and in the predicted runoff volumes from each plamning unit, a
positive correlation appears between measured total P concentration and
the predicted surface runoff event (Table 4.25) which corresponds to
the measurement (Figure 4.15). In general, the higher the surface
runoff, the higher the concentration of total P which is transported
via overland flow and tributary to the river. Thus, the phenomenon of
dilution by increasing volumes of water is masked by more rapidly in-
creasing volumes of nutrients transported in the runoff. Below S65-C
loading rates increase more rapidly due to higher surface runoff volumes
and higher nutrient concentrations, combining to yield the nutrient
flux into the river. Concentrations are not expected to increase in-
definitely as a function of runoff, rather concentrations will tend to
decrease asg an individual runoff event proceeds. However, short-term
data are wnavailable in the KRB to illustrate this phenomenon.

When surface runoff is known (from HLAND simulations) quality
loadings (mass/farea-time) may be calculated as follows: '

L=20.103RC (4.19)
where L = loading, kg/ac-mo,
R = monthly surface runoff over drainage area, in./mo,
C = concentration, mg/l.

The factor 0.103 encompasses various English-metric conversions and the
odd mixture of units for L is to facilitate comparison with literature
values. Loading calculations are performed for the peak (July, 1974)
measured P concentrations in Table 4.25.

Phosphorus loading rates are plotted against Dy, and the resulting
relationship is presented in Figure 4.16 which can be explained by
considering that higher drainage demsities yield higher runoff rates and
higher nutrient concentrations. Together, these produce a multiplica-
tive effect on nutrient deliveryrates. It may be noted in Table 4.25
that the July loadings will dominate annual P emissions; they may thus
be considered indicative of annual loadings although they will in
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Figure 4.15. Measured Total P Concentration versus Predicted Monthly
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fact be somewhat lower than true annual values. However, the range of
0.012 to 0.435 kg/ac-yr compares favorably with values reported by
Uttormark et al. (1974) for similar types of land use,

One other study has indicated similar relatiomships between nutrient
loading of total P and drainage density in Canadian watersheds (Kirchner,
1974). Figure 4,17 shows a linear relationship, with Dy ranging from
0.32 mi/sq mi to 2.24 mi/sq mi, and loading rates up to 0.03 kg/ac/yr.
This is at the lower end of the spectrum for results in the Kissimmee
River Basin, but values for PU 13 (W) and 14 are quite similar with
Dgq between 1.0 and 3.0 mi/sq mi in Figure 4.16., Thus, the relation-
ship between Dd and nutrient loading has been observed in other water-
sheds.

The discussions of off-site effects have described a series of -
responses which are observed or predicted for a river basin as a func-
tion of the drainage density. In general, increased volumes of sur-
face runoff, higher nutrient concentrations, and higher nutrient
loadings are associated with higher drainage densities in the Kissimmee
River Basin. However, it has been mentioned that more intensively
drained areas, such as improved pasture and cropland, have potentially
greater source loadings initially applied to the land due to cattle
density and fertilization. Thus, the fact that these areas produce
higher export rates than more natural areas is not surprising.

Nutrient source loadings from cattle were investigated in the
Kissimmee River Basin in order to better evaluate the effect of drainage
density. These calculations are shown in Table 4.26. 1In general,
cbserved nutrient loadings are expected to depend on both the magni-
tude of nutrient sources and assoclated drainage density. Figure 4.18
indicates this concept nicely, especially for planning unit 15 where
the nutrient source is relatively low but Dd is high and planning unit
16 where both parameters take on large values and produce heavy loadings.
It 18 also interesting to note that the predicted cattle source loading
is considerably higher than the predicted T-P locads based on effluent
measurements (Table 4.25). This indicates that most P is assimilated
within each planning unit or removed by other mechanisms.

Detention Time Effects

Earlier sections of this chapter have described surface (direct
runoff) and sub-surface detention times. Surface detention times
(Tables 4.7 and 4.13) include effects of drainage because of the use of
the CDET values altered for chaning land use. Subsurface detention times,
however, (Table 4.11) are based on the assumption that the lower basin
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Phosphorus Loads from Cattle

Values assume 34 kg/yr of T-P per cow, based on USDA information.

Planning Cattle Annual
Unit Area Population T-P Load
(ac) (kg/ac-yr)

13 94,700 15,226 5,47

14 143,100 18,050 4.29

15 41,300 5,920 4.87

16 106,100 28,533 9.14

i7 38,100 14,525 13.0

2 . . P
Best estimate {1975) based on state and federal statistics and typical
densities for improved and unimproved pasture.
distribution is assumed to be uniform across the planning unit, whereas

in actuality cattle are concentrated in pasture lands.

loadings will vary widely.

For the calculation, the

Thus, actual
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drains in its natural state toward the Kissimmee River in order to
predict base flow rates in HLAND. Thus, the effect of changing land
use and drainage density are not explicitly considered in the compu-
tation of detention times. Only the volumetric effects of storage
enter into the calculation resulting in T values of 56.7 and 107.4
days over the range of storages experienced for 1958 and 1972 simu-
lations, respectively (Table 4.11).

It is expected that the actual detention time (travel time) is
proportional to the path length traversed as the water moves from the
scll water regime toward an opem channel. The path length, in turm, is
inversely properticnal to drainage density, D,. Thus, the T values
of 56.7 and 107.4 days are inversely proportional to the natural
drainage density of the lower basin, and it is assumed that actual values
for 1958 and 1972 (or any future year) may be found by

T =T *» — (4.20)

where the subscript t denotes a future year and the subscript n denotes
the natural condition.

Values of D, for natural, 1958 and 1972 conditions are therefore
required to make the adjustment indicated in equation 4.20. The natural
and 1972 value may be found directly from Table B.5 using area weighted
values of the matural and overall drainage densities listed for each
planning unit. The value for 1958 1Is not available from direct measure-
ments. It is calculated instead from the land use walues given in Table
4.2 for 1958 and the typical D, values for different land uses given in
Figure B.3. The calculation is shown in Table 4.27. ‘"Improved pasture"
is assumed to be 30 percent ditched on the basis of the land use infor-
mation given in Table B.l. The areaweighted D, for 1958 is thus 1.94
mi/sq mi. Final values of drainage density ang adjusted sub-surface
detention times from equation 4.21 are shown in Table 4.28. These values
of 48 and 34 days appear reasonable in light of earlier discussion and
Langbein's (1955) value of about 50 days for total travel time in the lower
basin. The values of T are for PU 13-17 since those are the planning units
simulated by HLAND. The value of D, was adjusted using land use fractions
for PU 13-18, but the resulting errdor is not expected to be significant,

The reduction in detention time is primarily the result of altered
drainage practices, as indicated in the analysis. This overwhelms the
effect of reduced storage divided by an even more reduced base flow that
led to the values shown in Table 4.11. The estimates of T_ in Table 4.28
could possibly be improved by examination of groundwater récords in the
area, but this was beyond the scope of this study. The overall detention
time (travel time)} for the lower basin will be discussed in Chapter V where
the effects of the Kigsimmee River itself are included.
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Calculation of 1958 Drainage Density for Lower
Basin, PU 13-18

Land Use Areaa Fraction Ddb
(100 ac) (mile/sq mile)
Urban 0 0 17.0
Crops 3 0.000664 29.0
Improved Pasture 329 0.0728 0.7 x 2.5°
0.3 x 33.0

Unimproved Pasture 2,806 0.621 1.2
Citrus 13 0.00288 29.0
Forest 32 0.00708 0.8
Marsh 1,337 0.296 0.8
Total 4,520 1.00 1.944

a

b

From Table 4.2.
From Figure B.3,

cImproved pasture is 30 percent ditched from Table B.1.

dArea weighted total.

Table 4.28,

Drainage Density and Sub-Surface Detention Times
for Lower Kissimmee River Basin, PU 13-17

Land Use D, (mi/sq mi) Tna {(days) Ttb {days)
Natural 1.6°
1958 1.99 56.7 47.7
1972 5.1°

107.4 33.7

- BTable 4.11.

quuation 4,20,

“Area welpghted values from Table B.5.

drable 4.27.



V. INTEGRATED ENVIRONMENTAL ANALYSIS

STORAGE-TREATMENT CONCEPTS
Introduction

Characteristics of hydrolegic and nutrient cycles can be placed
inte the general framework of reservoir storage and control. Various
nvdrologic components in a river basin system are distinguished by a
set of specific inflows, outflows, storages, and losses which contri-
bute to the overall response. The detention time parameter provides
a useful measure of reservoir storage and outflow, and can be used to
characterize various components of the hydrologic system, i.e., soil,
marsh, pasture, lake, planning unit, or river.

Detention time alsc plays a key role in nutrient cycling as it
relates to treatment rates for runoff on the land, in the soil, and
in lakes or streams. In general, the longer the detention time, the
greater the potential for nutrient uptake and/or deposition of sedi-
ments. Thus, water quality comtrol through the system can be charac-
terized by the length of time available for physical, biological and
ciiemical uptake mechanisms.

Detention Time for Runoff Control

Surface and subsurface runoff volumes for a particular soil-land
use pattern can thus be characterized according to detention time T.
The value of T is defined as the ratio of storage volume to outflow
runoff rate. Both soil moisture and surface components can be evalu-
ated. Typical stage-volume curves (Figure 5.1) and stage-discharge
curves (Figure 5.2) can be constructed from predicted outflows for soil
and surface storages. The so0il moisture regime is characterized by
small volume changes as a function of stage, due to porosity effects.
Similarly, the stage-discharge relation indicates a small change in
base flow as a function of stage, again due to the mechanisms of flow in
porous media.

At the surface, a definite breakpoint occurs for both stage-volume
and discharge curves. Small increases in stage are associated with
large changes in volume and outflow rates. The particular slope of the
surface discharge curve depends on the land cover, as shown for unim-
proved and ditched improved pasture in Figure 5.2. These curves
indicate the effect of drainage practices on increasing rates and volumes

119
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of surface runoff. Note also the decrease in maximum soil moisture
capacity as the water table is lowered from unimproved to ditched
improved pasture.

The above concepts can be placed intc a more useful context
by considering the mechanisms of surface and subsurface runoff.
it will be shown inthis section on storage concepts that both surface
and subsurface runoff rates can be directly related to the amount of
reservoir surplus., This relation takes the general form of the con-
tinuity equation '

s

dt
I1f inflow I = zero and outflow 0 = kS, then the solution to equation
(5.1) is

=I~0 (5.1)

5 -kt
— =g (5.2)
S
0
where 5 = reservoir storage on land or in soil,
S0 = initial storage level,
X =1
k = storage decay constant, time ~, and
t = time.

The expected value of t corresponding to the above exponential
distribution is 1/k, which is an estimate of the average detention
time T.

The above analysis provides a framework for considering both
surface and soil reservoirs in terms of characteristic detention times.
Average values of T can be calculated for various components in the
river basin. Specific surface and base flow relations are analyzed
and a range of T values calculated for the Kissimmee River Basin. This
was done in part in Chapter IV and will be extended in this chapter.
Because shorter T values tend to be associated with higher outflows and
lower storage capacity, this index provides a useful measure for
managing and controlling excess runoff in a river basin.

Detention Time for Water Quality Control

Based on the above concepts for runoff control, water quality
control can be placed into a similar context by considering detention
time as an index of treatment potential. In the traditional sense,

a treatment unlt is composed of an input, uptake system, and output.
he treatment efficiency depends on storage capacity, uptake capacity,
and flow rates. The continuity relation presented in egquation 5.1 for
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water volumes also applies for water quality parameters, but in the
form
dC _ _ _
Se = QCI(t) QC - kCs (5.3)

where C = concentration of pollutant in a well-mixed
reservoir and discharge,

CI = concentration of pollutant in inflow,

Q = volumetric inflow and outflow rate,

5 = volume of tank, and

k = first-order decay constant for concentration.

Figure 5.3 presents a schematic diagram of this relationship.

Equation 5.3 is a first-order, linear differential equation, and
can be rearranged to yield

g%+ aC =~gCI(t) (5.4)

where a = §-+ k.

The general solution of equation 5.4 is

c(t) = ei/;dt g/gcl(t)ql;dtdt + b] (5.5)

where b = constant of integration, usually determined from
an initial condition.

The integration of equation 5.5 can become very difficult if Q and S

are functions of t and/or if C. is a complex function of t. Rich (1973)
presents some representative sGlutions. Of relevance here is the
special case in which Q and S are constant which applies approximately
to periods of a few weeks in the natural setting. For purpeses of this
discussion, the inflow concentration, C., will also be taken as constant.
The solution of equation 5.5 for the sifuation of constant inflow, CI’
into a well-mixed reservoir of initial concentration, CO, is thus,

‘1

a

vl O

(1 -e3Y & coe'at. (5.6)

This solution simply predicts an exponential change of concentration from
CO to the steady-state value, Css’ where
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QC C
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Css " S a kS (5.7
1+a—-

in which the inflow concentration is reduced by a factor involving the
product of the decay rate, k, and the average detention time, S/Q.

Unfortunately, many natural water bodies are not at all well-mixed;
lakes and impoundments in the Kissimmee River Basin exhibit marked vari-
ations in concentration of water quality parameters from one point to
another. Hence, a more representative characterization may be that of
plug-flow in which parcels of water are simply advected through the water
body while pollutants undergo first order decay as they travel. The
solution for this situation may be developed from the standpoint of an
observer moving with a homogeneous, undisturbed parcel of water, for which
Q = 0. Equation 5.6 then reduces to

-kt
LR (5.8)
C
0
where C = pollutant concentration after time of travel,
t, and
CO = initial pollutant concentration.

For analysis of real water bodies, the time of travel will typically

be replaced by length/velocity, volume/flow rate (S/Q) or simply by the
average detention time, T. The analytical link between well-mixed and
plug-flow systems is diffusion and/or dispersion which have been omitted
from the governing equations in this presentation.

A plot of equation 5.8 is shown in Figure 5.4 for three different
values of k. The expression describes a first-order decay relationship
for concentration, C, similar in form to equation 5.2 for storage, 5.

The above analysis provides a technique for characterizing water
quality uptake rates as a function of detention time which replaces t,
and k which depends on the particular treatment unit (uptake mechanism)
and pollutant. Since k is generally fixed for a particular component
of the system, it follows that detention time becomes an index of treat-
ment potential C/C_. Calculations of C/C_ for a variety of hydrologic
components in the Rissimmee River Basin are presented in subsequent
sections of this chapter. This procedure allows comparisons to he made
among different treatment units, e.g., marsh, lake, river, and between
different seasons for the same unit, However, it should be recognized
that such comparisons will represent only a preliminary level of analysis.
In particular, k and T must be held constant over the time period of
comparison, e.g., a season; first~order decay coefficients may not be
applicable to lakes or for all pollutants; and inflows and outflows along
the water body are neglected. Such considerations could be included in a
more sophisticated level of analysis.
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The concepts of storage and water quality comtrol have led to
a unified methodology for considering various compoments in the river
basin. Later sections extend and apply the detention time ideas at
various levels of resolution for storage and transport frem the land,
through marshes, and eventually to lakes and the river. Both water
quantity and quality relationships are considered throughout.

EVALUATION OF C-38

Water Quantity Control

Background --

Flood control has long been an important issue in the Kissimmee
River Basim dating back to 1949 when the Central and Southern Florida
Flood Control District was originally formed. The basin has a his—
tory of naturally occurring flood events which have inundated large
areas above the lake shorelines and along the river floodplain. In
recent years as agricultural and urban developments have located along
the lake shorelines, a demand for flood control for the upper basin '
lakes was expressed. The existing flood control project in the area
uses structural controls and channelization to speed the flood waters
through the chain of lakes, down the channelized Kissimmee River
(C-38), and into Lake Okeechobee.

A comparison of the flood hydrograph with and without the flood
control project can be made by investigating the floods of 1953, 1960,
and 1969. Figure 5.5 shows the monthly rainfall and daily streamflow
for the Kissimmee River near Okeechobee, Florida (S65-E) for the three
flood years. The 1969 flood occurred five years after the control works
had begun operation and the other floods represent the response of the
unchannelized river flooed plain. Rainfall patterns are similar for
three floods with 1953 recording the highest rainfall amount. Table 5.1
characterizes the three events according to total flood time above 3000
cfs, recession time from peak flow to 3000 cfs, and total volume of flow.
The 1953 and 1960 flood hydrographs are similar in all categories except
for the actual shape of the curve. The recession for the 1953 event
was slightly longer. The 1969 hydrograph is markedly different from the
others and is characteristic of a developed drainage system, i.e., a
higher peak flow and a shorter lag time between rainfall and response.
Recession time is reduced as is total flood time, although reduction of
the latter corresponds roughly to the 15 percent reduction in flood
volume. Note the secondary flood peaks which are characteristic of a
channelized system. In addition, the time of travel through the system
has been altered due to the channelization and the reduction in total
river length from about 90 miles to 50 miles.
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Table 5.1. Analysis of Floods in the Kissimmee River Basin.
Recession Time Flood Tiuwe Tatal
Year Rainfall (flow » 3000 cfs) (Clow > 3000 ¢Ts) Vqlume
B O V.1 S S ISP NI ¢ (VI Tl 5 )
1953 63.4 6.5 9.5 321.0
1960 52.2 5.0 9.0 318.0
1969 57.7 2.5 ' 7.0 270.0

This section develops a technique for predicting flood hydro-
graphs discharged from the Kissimmee River Bagsin. The routing
procedure uses input runoff from the HLAND model, and thus can
simulate the response for any given land use pattern in the basin.
The routing procedure can simulate the present C-38 channel system,
or it can be altered to model the original meandering river in its
flood plain. This is done simply by altering coefficients in the
routing procedure described below. In this way, 1t is possible to
investigate whether the river channelization or the upland tribu-
tary drainage activities has caused the preatest change in the
observed outflow hydrograph (Figure 5.5).

Nescription of the Routing Method --

The total runoff predicted by HLAND for each planning unit, plus
any inflows from upstream, can be routed through the main stem of the
river by considering the poverning momentum and continuity equations,
wWhile sophisticated methods exist for selution of these equatinns (e.g.,
suffice when long-term S@HSEE;I_YESPODSQ and daily time steps are of
primary concern. A reasonably accurate and widely used technique for
this purpose is the Muskingum methed (see, for example, Linsley et al.,
1975) In which dynamic terms in the momentum equation are neglected
and storage is assumed proportional to a linear combination of inflow
and outflow from a reach, as described helow,

The linear relalionship between flow and storage is an approxi-
mation; however, it is possible to produce surprisingly accurate
results with the Muskingnm method by appropriate choices of the two
parameters involved. [t is for this reason, and its simplicity, that
lt is such a popular technique. It meshes well with other components
of this study since daily time steps can he used to complement the
rimoff calculations from HILAND.
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The Muskingum method is relatively simple in theory, using
wedge and prism storage concepts to relate outflow to storage and
inflow (Figure 5.6). During the advance of a flood wave, inflow
always exceeds outflow, thus producing the wedge storage shown 1In
Figure 5.6. Conversely, during the recession of the wave, outflow
exceeds inflow resulting in a negative wedge storage. The wedge
storage is represented by KX(I - 0) and the prism storage by XO.
The total storage is, therefore

§ =KO+ KX(I - ) (5.9)
where S = storage
I = inflow
0 = outflow
K = travel time parameter, and
X = storage parameter,

This is the Muskingum equation, and may be written for two routing
periods (1 and 2) as

S2 - Sl = K[X(12 - Il) + (1 - X)(O2 - Ol)]. (5110)

Combining equation 5.10 with the continuity equation for the same two
periods yields

1 1 1 _ _
2(Fl + Fz)At + 2(11 + Iz)At - 2(01 + OZ)At S2 Sl (5.11)

where F. and F, represent tributary or lateral runoff contributions for
two consecutivé routing periods. The following equations can be derived:

o2 = 01 + cl(Il - ol) + (12(12 - Il) + (:3(1%‘2 + Fl) (5.12)
At
where Cl = KO1-X) + 0.50¢ (5.13)
0.5At — KX
= 5.14
€ ® X(1-x) + 0.54¢ ® 2nd (5-14)
C. = 0.5 At (5.15)

3 K(1-X) + .54t

The solution of equation 5.12 for 0, is accomplished for consecutive
segments of the river reach, since #11 terms on the right hand side are
known. The O, from one segment serves as I, to the next downstream seg-
ment. Tributary contributions of lateral runoff are simply added in for
each segment on a daily basis.
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Table 5.2, Muskingum Routing Parameters.

Five C-38 C-38 Natural
Reaches Length (mi) X K (days) K (days}
® S65
9.5 0.3 0.500 1.90
’SGSA
11.7 0.3 0.625 2.30
® S658
8.4 0.3 0.450 1.65

l 565C

9.2 0.3 0.500 1.80
@ 565D

6.9 0.3 0.375 1.35

45.7 2.450 9.0

& S65E
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Routing Parameters --

Values of K and X must be estimated for a particular river segment.
Graphical techniques and the analysis of observed inflow and outflow
hydrographs are recommended (Linsley et al., 1975). The value of K is
essentially the travel time in the reach in days. The value of X varies
from 0.0 to 0.5 as a function of storage capacity in the river, with the
lower values related to greater storage. The effect of X on the routed
hydrograph is depicted in the lower portion of Figure 5.6. Pure trans-
lation results when X = 0.5, and storage effectively reduces the peak
tor X = 0.0 (horizontal water surface). Routing parameters used in
modeling the Lower Kissimmee River are shown in Table 5.2,

The same value of X was used for both the natural river and C-38
because the model was relatively insensitive to this parameter., Future
use of the routing technique could include lowering X to a value less
than 0.3 for simulation of the matural river, although results are not
expected to change much.

Fossible values for K are discussed in detail below. However, the
entire discussion should be prefaced by'noting that while results of
HLAND (planning unit runoff) are important to overall conclusions of
the study, the conclusions are not based to a significant degree on the
HMuskingum routing exercise itself. For instance, it will be seen below
that a range of plausible travel times exist for the river, from which
imany different Muskingum routing parameters could be derived, Instead,
one set of parameters (K and X) is used for a representative simulation
while the entire range of travel times is Incorporated into the overall
analysis. It is important to view the selection of Muskingum parameters
in this light.

Travel Times -—-

As mentioned, a determination of the travel time must be made,
both from the standpoint of the Muskingum routing parameter, K, and as
an indication of overall detention time in the basin. Data are needed
for both the natural and channelized (C-38) river, and comnsist mainly
of velocity determinations, from whence travel times may be computed
when the distance is known.

For the channelized river, C-38, computations are simplified
because detailed information is known about the cross section and
flows. (~38 is a trapezoidal channel averaging 30 ft deep with
side slopes of 1 on 2 (vertical:horizontal). The bottom width varies
from 20 ft at 865 to 425 ft at S65-E, Velocity computations are shown
in Table 5.3 for average conditions using flows over the entire period
of record and flows only since construction of C-38 began in 1964, which
are about 75 percent of the former. Velocities of 0.20 and 0.15 ft/sec
are indicated, respectively. Corps of Engineers design calculations
for flood conditions provide for a velocity of 2,5 ft/sec uniformly along
the river.
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Table 5.3. Velocities and Travel Times for C-38,

Location
565- S65-E Source
Cross Sectional Area, ft2 4,500 14,550 C of E, DDM, 1961
Average Flow, cfs l,llSa 2,033b USGS, Surface Water Records,
1974
Velocity, ft/sec 0.25 0.14
Average Velocity, ft/sec 0.20
Average Travel Time®, days 14.0
Average Flow Since Project, cfs 885d 1,504d 'SGS, Surface Water Records,
1974
Velocity, ft/sec 0.20 0.10
Average Velocity, ft/sec 0.15
Average Travel Timec, days 18.6
Maximum Design Velocity, ft/sec 2.50 ¢ of E, DDM, 1961
Minimum Travel Timec, days 1.12

a

b

41 years, 1933-1974 (water years).
44 years, 1928-1962, 1964-1974 (water years).
C'Using length of river from S65 to S65-E = 45.7 miles.

dlﬁ years beginning with construction of C-38, October 1964 to September, 1974.
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Under average annual flow conditions, Table 5.3 indicates travel
times in C-38 ranging from 14 to 18 days, dropping to 1.12 days
under design flood conditions. For flow routing purposes, it is
more important to transport highly transient flood peaks properly,
for which a Muskingum K value of about 2.5 days was found to give
good results. During other portions of the season, gradients within
the river are much less and not as sensitive to K. Values were appir-
tioned to each channel reach on the basis of length as indicated in
Table 5.2.

Under natural (pre-C-38) conditions, a variety of velocities
are possible. Flows were gauged routinely by the USGS, including
periadic updates of their rating curves for different stations along
the river. Formulation of such rating curves involved actual mea-
surement of velocities under different flow conditions, from which
diagrams such as Figure 5.7 can be prepared. The data in Figure 5.7
are based upon recent work performed by the Corps of Engineers
(Enge 1975) in which past data from USGS records were analyzed.
All of the curves show large reductions in velocity when the river
overflows its banks and enters the flood plain. Velocities indicated
for average and flood conditions are shown in Table 5.4 with corre-
sponding travel times. Since the flows shown in Figure 5.7 are listed
by the USGS as for the whole river, they are assumed to include over-
bank (flood plain) flow when at higher stages.

A method of calculating velocities has been performed by the
FCD (Shahane 1975, 1976). Measured flows from USGS records were
divided by areas planimetered from cross sections along the river
near the USGS measurement locations. Resulting velocities are
given in Table 5.5 and are considerably lower than those of Table
5.4 and Figure 5.7. 1In addition, the trend of velocities of Table
5.6 is different than that shown in Figure 5.7, that is, there is
an increase at higher flows. The reasons for this are unclear;
however, at least two facts are evident. First, the USGS wveloci-
ties were measured primarily in the river channel and would be
expected to be higher than an average velocity that includes flow
within the flood plain, altbough presumably an adjustment was made
when overbank flow occurred. Second, the cross sections used in cal-
culating the areas shown in Table 5.5 are not necessarily at the same
location as the UGSG measurements. In fact, very large cross sectional
areas are indicated for average flow cenditions in Table 5.5, whereas
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Table 5.4. Measured Velocities Along Kissimmee River.?

Kissimmee R. Kissimmee R. Kissimmee R.

below near near
L. Kissimmee Cornwell L. Okeechobee

Average Flow, cfs _ 1,149b 1,824C 1,989b
Average velocityd, ft/sec 1.3 1.28 1.58
Three Station Average, ft/sec 1.39
Average Travel timee, days 4,0
Average Flood Velocityd, ft/see 0.25 0.60 0.60
Three Station Average, ft/sec 0.48
Flood Travel Timee, days 11.4

afrer Enge, 1975,
b

From USGS Surface Water Records, 1931-57.
CFrom USGS leasurements, 1949, 1951.
dFrom Figure 5.7.

e T, s . . )
Using average of three velocities and river length of 90 miles.
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Table 5.5. Computed Velocities on Kissimmee River.®

Location Stage Area Flow Velocity Source
(£8)  (£t9) (cfs)  (ft/sec)
Kissimmee River  48.1°  1850° 302° 0.16  USGS WSP 892 (1940)
at Lake Kissimmee 49.4 3280 428 0.13 USGS WSP 952 (1942)
50.0 5670 534 0.09 SGS WSP 972 (1943)
Record: 1931-57 51.0 11750 707 0.06 USGS WSP 1002 (1944)
52.0 18000 834 0.05
52.6 21240 951 0.04
52.9 24540 1000 0.04
53.5 27860 1160 0.04
54.1 34110 1990 0.06
54.5 34490 2550 0.07
Ave Max Flow® 2396
Ave Flow 1149
Ave Min Flow® 480
Kissimee River  27.35%  1120° 6264 0.56  State Board of Con-
near Cornwell 28.7 3110 980 0.32 servation, Water
29,92 6840 1618 0.24 Survey and Res.
Record: 1949, 1951 31.0 12590 1865 0.15 Paper No. 7 (1952)
{two years) 32,39 19550 6915 0.35
Ave Max Flow® 4267
Ave Flow 1824
Ave Min Flow® 766
Kissimmee River 18.8°% 1370° 370% 0.27 Same as for Lake
at Lake Okeechobee 20.0 1830 654 0.36 Kissimmee
21.0 2570 885 0.34
Record: 1931-57 22.0 4620 1140 0.25
23.0 7260 1410 0.20
23.7 9400 1720 0.18
24,7 12500 2640 0.21
25.6 15640 4280 0.27
26.6 18780 6800 0.36
27.9 22860 11700 0.51
Ave Max Flow® 4303
Ave Flow ie8¢9
Ave Min Flow® 881

8prom FCD memoranda, Shahane (1975, 1976). Velocities computed from
measured flows and areas.

bFrom USGS rating curve, developed 1939-44.

CAverage of annual maxima and minima over period of record.
dFrom USGS rating curve, developed 1949, 1951.

®From USGS rating curve, developed 1943-45.
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the fact that the average flow occurs high on the tramsition portion

of the flow-velocity curves of Figure 5.7 indicates that probably most

of the river flow was occurring within its banks during those measure-
ments. Reference to the original USGS data sheets used by Enge ({1375)
does show correspondingly low areas. There is alsc the possibility that
differences in the datum exist between USGS and other estimates.

Shahane (1976) indicates that the percentage of total cross sectional
area occupied by the river channel itself at stages corresponding to
average flow conditions are 6.17, 6.27 and 13.6, respectively, proceeding
dowvnstream for the three stations. If actual areas corresponding to
these percentages are multiplied by velocities taken from Figure 5.7 and
Table 5.4, flows higher than the average result for the end stations, and
47 percent of the average flow for the station near Cornwell. Thus, it
is not possible (in two of the three cases) to apportion the flow between
river and flood plain by coupling the two sets of data. Rather, the

FCD calculations by Shahane must be considered as a second, independent
assessment of velocities. Arbitrarily considering velocities from

Table 5.5 that are within * 500 cfs of the average at each statiom, the
values shown in Table 5.6 are developed in which quite large travel times
of 37 days for average and 20 days for flood conditions are indicated.

tnfortunately, these values do not correspond at all to those of
Table 5.4 Moreover, they are counter—intuitive from the standpoint of
Mannings equation

V= 1.49 R2/3 S 1/2 (5.163
n L
where V = average velocity, ft/sec,
n = Mannings roughness,
R = hydraulic radius, area/wetted perimeter, ft, and
S, = river slope.

2

As the river stages rise, two effects occur. First, the roughness of
overbank (flood plain) flow is considerably higher than that of the main
channel, indicating a lower velocity. Second, relatively large changes
in area occur for relatively small changes in depth (see Table 5.5). In
these situations, the hydraulic radius actually decreases since the wetted
parimeter increases more rapidly than does the area as the flow occupies
more and more of a wide flood plain. These effects act to decrease the
average velocity and increases the travel time under flood conditions, as
indicated in Figure 5.7 and Table 5.4. Equation 5.16 could alsoc be used
to calculate velocities if all parameters were known. Shahane's (1976)
data indicate that a hydraulic radius of 10 to 16 ft 1s appropriate for
the main channel section of the natural river. Using R = 13 ft, n = 0.10
and a slope of 0.0000568 corresponding to a reduction of stage from 51 ft
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to 24 ft over 90 miles, equation 5.16 gives a velocity of 0.62 ft/sec
and a corresponding travel time of 8.9 days. Tt is obvious that there
is considerable latitude 1in the choice of parameters, in particular
Mannings n. The value of 0.10 corresponds to a quite rough channel
(Chow 1959), whereas comparison with Table 5.4 indicates that a value
of 0.05 might be more appropriate. In any event, the value of 8.9 days
calculated above is strictly another estimate,

Still other sources for travel times exist. In 1973, the FCD
(Storch 1973) analyzed in detail the September-0October 1960 flood event
and the October 1969 flood event (see Figure 5.5). On the basis of
gaged water surface elevations and floodplain cross sections, water
velocities were computed. It was determined that it took a unit of
water approximately 10.5 days to move from Lake Kissimmee to Lake
Okeechobee during the 1960 event and approximately 3 days during the
1969 event. These values are close to the values of 11.4 and 1.12
days given in Tables 5.4 and 5.3 respectively for the natural and
channelized river. It is also of interest that Langbein (1955, page
526) concluded in his runoff analysis that 10 days was sufficient time
to discharge all direct runoff from a rainfall event from the entire
natural {pre-project) Kissimmee River Basin. This value seems low for
the entire basin, but is the same order of magnitude as the values men—
tioned in this paragraph. ’

One other estimate of travel times for the natural river has been
made by Taylor (1975). For a total flow of 4050 cfs he estimated the
travel time through the natural Kissimmee River marsh areas to be 90
days. This might be reasonable when coupled with much higher veloci~
ties in the main channel.

A summary of the various travel time estimates is given in Table
5.7 for the natural Kissimmee River. What values should be used? In
the opinion of the writers, the large values based on Shahane's (1975,
1976) velocity calculations require further investigation in order to
be reconciled with the much lower values that are based on actual USGS
gaging. The probable reason for the discrepancies have been mentioned,
but focus upon the location of cross sections used in each analysis,
It is also possible that discrepancies in the datum used to calculate
stages may exist between cross sections used by Shahane and those used
by the USGS. Finally, if Shahane's cross sections are across the total
flood plain, then an overall river length of 50 miles is more appropri-
ate than the 90 miles of the meandering main channel. If the travel
times of Table 5.6 are multiplied by 5/9, they are in better agreement
with the other estimates. The lower values of T thus appear more likely.

In running the Muskingum routing model, a value of 9.0 days for
the total 90 mile river was found to produce good results when apportioned
over each reach, as indicated in Table 5.2. This is but one value; model
runs of nearly equal accuracy could quite probably be made with values
somewhat different than 9.0 days. Further work on this topic must be
postponed for future research. However, the implication is that travel
times are longer under average conditions in £-38 than in the natural river.
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Table 5.6. Velocities and Travel Times from Computed Values of Table 5.5.

Kissimmee R. Kissimmee R. Kissimmee R.
below near near

L. Kissimmee Cornwell L. Okeechobhee
Average Velocitya, ft/sec 0.05 0.21 0.18
Three Station Average, ft/sec 0.15
Average Travel Timeb, days 37.4
Average Flood Velocityc, ft/sec 0.07 0.35 0.38
Three Station Average, ft/sec 0.27
Flood Travel Timeb, days 20.6

aAverage of values corresponding to flows with * 500 cfs of average.

bUsing average of three velocities and river length of 90 miles.

CVelocity for highest flow for first two stations, average of velocities for

three highest flows for third station.
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Table 5.7. Summary of Different Travel Time Estimates (Days)
for Natural Kissimmee River.

Condition

Source Average Flood
Corps of Engineersa (Enge 1975) 4.0 11.4
FCD® (Shahane 1975, 1976) 37.4 20.6
FCD (Storch 1973) 10.5
Langbein (1955) 10
Mannings Equation (n = 0.10) 8.9
Kissimmee River Marsh (Taylor 1975) 99
Used in this Study 5.0 11.0
“rable 5.4.
Prable 5.6.
Results

HLAND has been applied to the lower basin of the Kissimmee
River south of Lake Kissimmee. Surface and subsurface runoff
volumes are routed down the river to Lake Okeechobee using the
Muskingum routing technique described previously. The river has
been segmented corresponding to the various control structures
which also define the planning unit boundaries. Measured outflows
from Lake Kissimmee are treated as inflows to the routing procedure.
The routing is applied on a daily basis, incorporating total run-
off from each planning unit, and ultimately providing the outflow
hydrograph to Lake Okeechobee.

By using present land use configurations (1972} and a series
of daily rainfall patterns over the basin (1965-1970), the pre-
dicted outflow hydrograph from the Kissimmee River can be compared
to measured streamflows at the gaging station near Okeechobee
{565-E). The predictions of HLAND can then be verified.

A series of verification vears, 1965-1970, was selected based
on the availability of data and the fact that this sequence in-
cludes both drought and extreme flood conditions, which provides
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a good test of the accuracy of the model. A comparison of measured
and predicted streamflows is depicted in Figure 5-8 at the gaging
station near Okeechobee (865-E). It can be seen that the model
prevides a generally accurate representation of the basin response
during conditions of floods (1969-1970), droughts (1965-1967),

and average flows (1968). Figure 5-9 shows one yvear of predicted
and measured flows for the lower basin, with inflows from Lake
Kissimmee subtracted from outflows at S65-E. This indicates that
the model is accurately predicting runoff volumes from each plan-
ning unit. A summary of flow data for selected planning units is
presented in Table 5.8 in order to indicate the distribution of
surface and subsurface runoff volumes. Total volumes of runoff
for the basin are compared in Table 5.9.

In addition, HLAND was run for a 2-year period prior to
channelization (1959-1960) using the 1958 level of land use for
predicting runoff and the original meandering floodplain for rout-
ing the flows. (As indicated in Table 5.2 only K was changed to
simulate the natural floodplain.) Results are shown in Figure
5.10 for measured and predicted streamflows at S65-E. Based on
calibration runs, the basin response seems to be more sensitive
to the land drainage characteristics than to the condition of the
narrow river floodplain. Travel times were slower under the 1958
regime because upland marsh and slough detention provided additional
Storage capacity during the wet season. The present regime in-
duces excess water into drainage canals at a faster rate, and thus
vields increasing percentages of surface runoff compared to sub-
surface flows as shown in Figure 4.8,

These effects are summarized in Table 5.10 in which the effects
of land use changes on total and component lower basin travel times
are shown. The dominant effect appears to be upland drainage
within planning units that increases the proportion of surface run-
off, rather than the construction of C-38 since the latter has
apparently increased travel time by five days. As indicated in
the extensive previous discussions, travel times for the natural
Kissimmee River and within-planning unit travel times for all
conditions are quite uncertain and open to conjecture. Another
estimate of subsurface travel times, for instance, could be ob-
tained by analysis of groundwater records. But, specific numbers
aside, it appears that there has been a definite reduction in the
weighted average travel time for total runoff moving from the up-
land areas toward the Kissimmee River between 1958 and 1972, if
for no other reason than the sizeably increased fraction of those
flows that appears as surface {(direct) runoff. At the same time,
travel times down the natural and channelized Kissimmee River are
at least the same order of magnitude. The overall reduction thus
appears to result primarily from effects of upland drainage.
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Table 5.9.

Comparison of Measured () and Predicted (P) Runoff Volumes
(1967-1969).

Year

1967
1967

1968
1968

1969
1569

()
(?)

(0
(r)

(*)
(P)

Jan Feb Mar Apr
12.0 1l4.4 10.5 6.1
10.3 26.06 20.6 8.2
14,0 11.7 10.4 6.1
14.8 15.6 20.6 7.8
89.6 28.5 219.1 164.9
88.7 29.0 237.0 155.0

Runoff Volumes Awow ac-fr)
Hlay Jun Jul Aug
23.9 29.3 33.2 104.5
28.8 43.4 43.0 106.0
12.1 209.7 415.1 229.2
27.5 243.0 292.0 186.0

106.8 96.7 22.6 87.1

158.0 80.46 33.6 69.6

Sep
145.8
160.0

177.2
145.0

118.9
63.3

Qct Nov Dec
102.6 15.4 15.2
119.0 17.9 20.2
124.8 39.7 19.1

91.9 38.7 19.1
614.9 176.9 228.3
552.¢ 113.0 188.0

Total
512.9
604.0

1269.0
1102.0

1954.3
1768.8
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Yable 5.10. Travel Time Computations for Lower Basin, Planning
Units 13-17, Plus Kissimmee River.

1958 1972
Land Use Land Use
Fraction of Total Planning Unit Runoff 0.137 0.477
Appearing as Surface Runoff?@
Average Direct Runoff Travel Timeb, days 6.1 4.1
Average Sub-surface Travel Timec, days 47.7 33.7
Weighted Average Travel Time, days 42.0 19.6
Kissimmee River Travel Time, days 9.0d 14.0°
Total Travel Time, days 51.0 33.6
Difference, days 17
Difference due to Upland 22
Land Use Changes, days
Difference due to Channelization, days =5

#From HLAND simulation using 1967-1969 rainfalls, Table &4.24.

PFrom surface detention constants and computed travel times Table
4.7, weighted by land use and soil type, Table 4.13.

“From Table 4.28 based on calibrated base flow rates and drainage

density changes.

dFrom Table 5.7.

a . . .
Calculated from accurate cross section information for average

annual flow rate, Table 5.3.
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The question arises, could in fact the upland drainage be
achieved without construction of C-38? The two features are indeed
coupled, and a complete answer would depend upon an analysis of
backwater effects created in tributaries teo C-38. This might be
difficult in view of the paucity of hydrologic data in the lower
basin. However, some information may be gleaned from a simple
analysis of land areas covered by water at various river stages.
Hamrick (1975) calculated the lower basin areas that would be
coverad by the maximum flood of record using maximum stages re-
corded along the Kissimmee River. The corresponding envelope
contours were planimetered to produce the areas. He found that
only 16 percent of the total lower basin was expected to be flooded
by the river under such conditions, consisting of the Kissimmee
River flood plain and extension up a few major sloughs. It is
thus likely that drainage of more than 80 percent of the lower
basin could have occurred without C-38. This conclusion is also
reached by Marban (1976). Drainage of the flood plain does, of
course, depend upon the river channelization. About the only
plausible influence of C-38 on upland drainage is the potential
paychological effect upon developers of "flood control projects.
But, in summary, the answer to the question posed at the begin-
ning of this paragraph appears to be positive.

The analysis procedures have thus revealed several interesting
characteristics about the hydrologic response in the Kissimmee
River Basin. These are listed below:

1) The basin has a marked wet season between the months of
June and October associated with the majority of rainfall
and streamflow wvolumes in the river.

2) Remaining months of the year are dominated by very low
flows due primarily to lack of rainfall and flat topo-

graphy.

3) The 1972 land use regime along with the channelized river
produces higher maximum and lower minimum flows for typical
flood events compared to the 1958 regime.

4) The increased hydreclogic response in the basis is due
primarily to upland drainage activities rather than the
C-38 channelization itself; upland drainage contributes
more surface runoff volume at a faster rate than before,
thus creating an increased hydrologic response overall,
Regulation of flows by upper and lower basin structures
has also altered the hydrologic response of the basin.

5) Planning units dominated by drainage canals tend to produce
more surface runoff than planning units in a more natural
state, while subsurface flows are less under drained con-
ditions.



149

Water Quality Control

Water quality data for the Kissimmee Basin have been collected
in the river for the past several years, and in tributary inflows
for the period September 1973 to October 1974. The original mon-
itoring program on the river was begun by the U. S. Geological
Survey, and has been continued and expanded by the Flogd Control
District (FCD).

While a large number of water quality parameters have been
analyzed under the monitoring system, the levels of nitrogen and
phosphorus are of most direct concern because of their association
with the eutrophication process. An analysis of available water
quality data from the FCD (unpublished) indicates that total and
inorganic phosphorus levels are the most responsive parameters,
while no significant variation is observed for nitrogen levels.
This can be explained by the assumption that phosphorus tends to
be adsorbed by soil particles and is available for surface transport
via runoff and erosion. On the other hand, most forms of nitrogen
are soluble and can be leached from the soil or returned to the at-
mosphere, thus reducing any relationship with surface transport.

Water quality sampling locations are depicted in Figure 5.11
for the lower river and tributaries, where samples were taken monthly
for one year (September 1973 - October 1974). Samples were taken
on a quarterly basis in the upper lakes. A plot of total P
concentration (average May - August 1974) as a function of sam-
pling location for the lakes and river segments depicts a very
interesting pattern (Figure 5.12). Wet season average concen-—
trations are quite high in Lake Tohopekaliga, but decline rapidly
before reaching Lake Cypress. Concentrations are further reduced
to Lake Kissimmee at which point the levels indicate fairly good
water quality. From the outlet of Lake Kissimmee to S$S65-C the
levels remain fairly low, but increase rapidly between that point
and S65-E.

The high levels of total P in Lake Tohopekaliga are primarily
due to nutrient loading from treated sewage, and a complete analysis
and budget is presented in a later section on the upper lakes. It
appears that uptake mechanisms are presently cleansing the water to
a high degree before it leaves Lake Tohopekaliga.

The water entering the Kissimmee River from $65 is of fairly
good quality, but concentrations increase rapidly south of S65-C.
The obvious question as to the cause of these increased concen~
trations can be answered by considering nutrient levels of water
which enter laterally via tributary flow to the river.
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Lake Kissimmee

865
BLANKET BAY

SLOUCH N
26.3 sq. mi. AJ
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SLOUGH
60.3 sq. mi.

PINE ISLAND &
SEVEN MILE SLOUGHS
98.9 sq. mi.
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SLOUGH
49.0 sq. mi.

QAK CREEK
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YATES MARSH
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ap»=  Plan Unit Boundry

te,e*ve,* Watershed Boundry

® Tributary Sample Location

Maple
P8 Control Structure River

Kissimmee River

Lake
Okeechobee

Figure 5.11L. Tributary and Water Quality Sampling Locations, Lower
Kissimmee River Basin.
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Inflow tributaries, which were sampled on a monthly basis, did
not yield any significant variation of total N from one location to
the next, but total P levels showed a pronounced increase in wet
season concentrations south of §65-C. Ice Cream and Pipne Island
Sloughs produced very low levels throughout the year (Figure 5.13),
while Oak Creek, Chandler Slough, Yates Marsh, and the Maple River
yielded progressively higher concentrations (Figure 5.14). Blanket
Bay in pool A vielded high values, but inflows from Lake Kissimmee
and Ice Cream Slough kept the average concentration low. It appears
that the high phosphorus levels in the river are a direct result
of tributary loading, especially south of S65-C.

An approximate idea of the potential for nutrient uptake in
the river may be obtained by applying equation 5.8 under the as-
sumption of a first order decay process coupled with pure advection.
Reduction in concentration, C/C,. and uptake, 1 - C/Cy, will be a
function of the decay constant, k, and detention time, T. Commonly
accepted values for k for nutrients are on the order of 0.1 day—1
at 20°C but a somewhat better estimate may be obtained by consider-—
ing the data pletted in Figure 5.15. 1In order to determine possible
uptake that would occur in the absence of lateral inflows along
C-38, a mass balance computation was performed. Using a known
initial concentration and flow at $65, mass inflows were subtracted
using predicted lateral inflows from planning units (by HLAND) and
measured inflow concentrations (Table 4.25). The resulting con-
centration distribution is also shown in Figure 5.15. 1If a
velocity of 0.2 ft/sec is assumed in C-38, a decay constant of
0.05 day~1l is computed, which is comparable to the value of 0.1
mentioned previously.

Table 5.11 illustrates uptake potential that might exist in
the Kissimmee River under various assumptions. The same value of
k is used for bhoth the natural and channelized condition for lack
of other data, although the value might be expected to be higher
for the natural condition (creating greater uptake). Under average
conditions an uptake potential of 35-50 percent may exist, although
this is considerably lower for the critical section of the river
below $65-C. TFor this section where most of the nutrient loading
is generated, Table 5.11 indicates uptake potentials of 15 and 22
percent for the natural and channelized river, respectively, and
under average flow conditions. Only under flood conditions is there
a significant change in uptake potential between the natural flood-
plain and C-38. However, this is also expected to be the time
of greatest nutrient concentrations.

The above simplified analysis of nutrient uptake potential in-
dicates the relative range in values to be expected under both
channelized and original floodplain regimes. For either case, the
river and floodplain alone do not provide nearly the nutrient up-
take which one might expect based on previous studies (Marshall
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Table 5.11. Predicted Uptake in Kissimmee River Using k = 0.05 day—l.

Land T a
Use Distance Condition (days) Uptake
1958 L. Kiss. to Average 9 0.36
1958 L. Okee. Flood 11 0.42
1958 $65-C to Average 3.20 0.15
1958 L. Okee. Flood 3.9 0.18
1972 L. Kiss. to Average 14 0.50
1972 L. Okee. Flood 1.1 0.05
1672 565-C to Average 4.75 0.22
1972 L. Okee. Flood 0.4 0.02

8calculated as 1 - C/C0 =1 - e_kT (equation 5.8).

bApportioned on basis of relative distance from 565-C to S65-E.

et al., 1972)., The main reason for this is the fact that the rapidly
flowing river enviromment does not provide enough detention time

for physical, biological, and chemical mechanisms to operate. The
amount of additional uptake provided by the floodplain under natural
conditions is still undetermined because of the difficulties in
apportioning flow between the river channel and floodplain, as
previously discussed.

It has been mentioned that nutrient uptake requires relatively
long detention times. This implies that the greatest potential
would oeccur in lakes and marsh areas scattered throughout the basin.
If cne could route agricultural runoff, enriched with nutrients,
through these areas prior to entry into the river, then the ob-
served trend in Figure 5.12 could possibly be averted. The next
section examines the lakes in the upper part of the basin.
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EVALUATION OF LAKES

Lake Level Fluctuations and Flood Control

Prior to 1964 the level of Lake Toho naturally varied from an
extreme low of 48.9 feet to an extreme high of 59.4 feet {mean
sea level), a range of 10.5 feet, although the average range was
51.5 = 55.5, only four feet. The high water line is exceeded 15
percent of the time and the low water line 85 percent of the time,
based on the stage~duration curve in Flgure 5.16. The stage-area
curve then determines the lake area for low, mean, and high water
conditions (Figure 5.17).

The FCD and Corps of Engineers completed construction on a
concrete lock and spillway at the lake outlet for flood control
purposes. The original planned water regulation schedule (COE
1956} would permit a 2 foot fluctuation between 53 and 55 feet
MSL, although this has not been implemented. The current interim
range 1s 52 - 55 feet, with a proposal to reduce the lower limit
to 51.5 feet. When lakes are regulated as in the Kissimmee River
Basin, the zone of regulated fluctuation is usually reduced over
natural conditions. Table 5.12 indicates the relative area of
lake fluctuation for several Kissimmee Lakes under natural and
regulated conditions. Lake Toho and Lake Hatchincha/Cypress
register decreases in fluctuation from 29 percent and 100 percent
to 11 percent and 65 percent of the total lake area, respectively.

Figure 5.18 depicts the zones of fluctuation under natural
and regulated conditions for Lake Toho. The lake naturally ranged
from 51.1 feet to 55.5 feet on the average during the year. The
original planned regulation schedules allow an absolute range from
53 feet to 55 feet, which would represent a significant reduction
in lake area previously in the littoral zone. Even under the broader
interim schedule, some areas of marsh fringes are now inundated
all year. These areas not only are vital and preoductive for fish
and wildlife, but alsoc represent vegetated buffer zones for urban
and agricultural runoff waters, Recent studies have quantified
the uptake of nutrients by such marsh/swamp areas (Shih and Hallett,
19745 Gleasen, 1974). As these areas are reduced in size, waste
assimilative capacity is also reduced.

The fluctuations under natural conditions provided for flood
storage in the large, flat buffer zones. Present regulation
schedules maintain high pools in the dry season for recreation and
irrigation, and keep lower pools in the wet season for flood storage.
Ssuch flood control strategies induce agricultural and urban ex—
pansion within the lake basin. Drainage of these adjoining land
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Table 5.12,.

-

Natural and Regulated Lake Fluctuation.

Lake Tohopekalegia

Lake Kissimmee

Lake Hatchineha/Cypress

Natural Water Level Stage Area Stage Area Stage Area .
Regulated Water Level {(ft msl) {1000 acres) (ft msl) (1000 acres) (ft msl) (1000 acres)
Natural Low Water 51.5 17.2 48.0 31.0 49.2 10.0
Natural Mean Water 53.5 20.7 50.5 35.0 51.3 14.5
Natural High Water 55.5 23.3 52.5 40.5 53.4 24.5
Zone of Natural 4.0 6.1 4.5 9.5 4,2 14.5
Fluctuation
(Percent of Mean) (29) (27 (100)
Regulated Low Water 53.0a 20.4. 48.5 31.2 48.5 9.6
Regulated High Water 55.0 22.7 52.5 40.5 52.5 19.0
Zone of Regulated 2.0 2,3 4,0 3.3 4.0 9.4
Fluctuation
(Percent of Mean) (11) 27 (65)

NOHmmﬁsmH plan.

Present interim schedule has low water value at 51.0 ft.
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areas increases the rate of runoff, which in turn increases the
flood storage capacity which must be provided to protect existing
floodplain developments. A point will socon be reached where natural
lake capacity may be exceeded, and the conversion to a diked re-
servoir has traditionally been used to increase the storage capacity.
In the process, the benefits of vegetated buffer zones are elimin-
ated, fish and wildlife habitat is altered irreversibily, and water
quality is degraded.

The effect of lake level regulation is depicted for two of
the largest and most recent flood years in Figure 5.19. The
majority of the rainfall occurs in the wet season between June
and October. The lake level fluctuates four feet on the average,
but fluctuation was almost twice as great during the flood vear
1960. The area of the lake fluctuated between 17,500 acres and
25,500 acres while the storage volume varied from 45,000 ac-ft to
125,000 ac-ft. For shallow lakes, small increases in stage can
store tremendous volumes of water. Lake stages were regulated dur-
ing the 1969 flood period.

In order to better understand the dynamics of the lake basin,
hydrologic budgets have been prepared for the lake to provide an
estimate of detention times and inflow and outflow volumes. The
resulting balance of inflows, outflows, and changes in storage is
shown in Table 5.13 for the year 1973, which represents an average
year for rainfall. The monthly budget is based on applving the
continuity equation to the lake bhasin (equation 5.1). Rainfall,
evaporation, tributary inflows, surface runoff, and lake ocutflow
are used to obtain an estimate of change in storage in the lake.
Estimates of surface runoff were obtained by applying the HLAND
model to the lake basin for present land use conditions. The
calculated storage changes in the lake compare favorably with the
observed values as shown in Table 5.13.

Detention time in the lake is defined as the total lake volume
divided by the outflow of water. From the hydrologic budget, de-
tention time T is calculated to be about 6.0 months during the
dry season of January to June, and 4.0 mouths during the wet season
of July to October. These values are influenced by the extent of
flood or drought conditions. For the flood of 1960, detention time
varied from about 1.0 to 3.0 months during the wet season and up to
7.0 months for the following dry season. During the drawdown ex-—
periment and drought conditions of 1971, the detention time ex-
ceeded 1.0 year since outflows from the lake were zero for most of
the months during the experiment.

Based on the above hydrologic analysis, average detention
time In the lake is assumed to be about 5.0 months, which implies
that the lake turns over 2.4 times per year, on the average. It
is difficult to say whether detention times have increased or
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Table 5.13. Hydrologic Budget for Lake Tohopekaliga.

1973 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Precipitation? 4.9 2.4 2.4 2.2 44 6.4 8.2 8.0 11.7 1.0 0.8 1.9

(P)
Evaporation® 2.2 2.6 4.3 5.0 5.4 50 5.2 4.2 4.3 3.9 3.2 2.1

(E)
P-E 4.9  -0.4  -3.5 4.6 -1.5 2.8 4.9 6.3 13.0 ~5.2 4.3 -0.4
Shingle Creek 5.2 6.3 2.3 3.0 0.7 1.2 3.7 9.2 13.3 7.4 1.7 1.5
c~31 0.0 0.7 17.2 12.6 12.9 0.0 1.4 7.6 16.7 11.8 0.0 0.0
Runof f 1.0 3.2 0.1 0.0 1.9 2.4 5.6 3.6 17.0 4.2 0.1 0.0
Total Inflow 21.8 10.2 19.6 15.5 15.6 5.8 15.6 26.6 59.9 23.3 1.8 1.5
c-35 0.0 0.1 32,2 37,9 27.4 ¢.0 1.7 27.2 35.3 9.7 0.0 0.0
Total Outflow 0.0 0.6 35.7 42.5 28.9 0.0 1.7 27.2 35.3 4.9 4.3 0.3
Volume (S) 124.0 142.0 133.0 101. 84.0 85.0 92.0 92.5 120.0 123.0 121.0 126.0
Calculated 45, 21.8 9.6 -16.1 -27.0 -13.4 5.8 13.9 0.5 24.6 8.4 -2.5 1.2
Lake Elevation”  54.1 55.0 54.5 53.1 52.0 52.0 52.5 52.6 53.9 54.2 54.1 $4.3
Observed AS 21.0 18.0 -9.0 -32.0 -15.0 1.0 7.0 0.6 27.5 3.0 -2.0 5.0

Note - all values in 109 ac-ft except where noted
%Units of inches

wcswnm of feet {(msl)
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decreased due to lake level regulation schedules. Because average
storage capacity in the lake has been decreased while inflows have
probably increased, one might conclude that average detention times
have decreased since 1964. However, average outflows have probably
decreased during the dry season due to the regulation schedule
which maintains high pools. These conditions contribute to longer
detention times for the dry season. During the wet season, out-
flows have prebably increased while the average storage has been
- redoced for flood eontrol, thus producing shorter detention times.
- 1p_general, the value of detention time depends on the hydroperiod
variation in the lake, and because wet season inflows and outflows
teprésent the greater percentage of volume over the year, the average
- weighted detention time is reduced under the regulated condition.
These changes in detention time due to the flood countrol regula-
tion are important from a water quality standpoint as discussed in
the next section.

Lake Drawdown and Water Quality

The primary purpose of lake drawdown is to reduce consolidated
sediment depth by exposing sections of lake bottom to the air. In
this way, a better habitat is produced for bottom plants and game
fish. The process of drawdown is expected to result in reductions
in ammonia, total organic nitrogen, and volatile solids. Phosphates
and nitrates generally remain in the newly consolidated sediment.
Several lakes in Florlda have been studied in relation to the effects
of drawdown (Fox et al., 1975}, and consolidation of sediments
has been observed. -

_ The drawdown sequence on Lake Toho proceeded from a high pool
of 55 feet im Mérch, 1970 to a low pool of 52 feet in Jume. Follow-
ing seven mounths of drought, the scheduled drawdown began in Feb-
ruary, 1971 with a.drop in elevation to 48 feet by June, exposing
up te 50 percemt of the lake bottom to the air. Reflooding eccurred
gradually until February, 1972 when the water level stood at the

low pool stage of 532 feet. Complete results of the drawdown ex~

. periment such &4 the response of fish, vegetatiom, sediments, and .
. algae sve mveilable (Florida GRWFC, 1872, 1973). Weter gquality amd

nutriens losding effects are discussed balow.

p@gpo@s‘a to lowersd water level and veduced volume. -

bdaal facreime in copewdtration of most copdciiuents sud |

colpn é8 teflooding progressed. .Lsble 5.14 sk
18ty st three lake staticihe before, during,

p. The teble demonstrates a comeentration §¥
b becanse several major pollution souk
of the lake (ses Figuve 5.20%, .

mcy, pi, and total organic nifrogen (TON) &#% comparsble .
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Tahle 5.14. Averaged Water Quality of Lake Tohopekaliga Before, buring, and After Drawdown.

Secchi (inches)
Field pH
Spec. cond.
P. Alk.

T. Alk.
Sulphate
Turb. {unfilc,)
Turb. (file.)P
Ca

Mg

Na

a

b

PON
P04 (ortho)
P04 (total)

1970

18.00
7.50
133.00
0.00
21.00
9.80
85.00

68.00

9.40
2.40
9.40
2.60
0.08
Q.09
1.10
0.72
0.36
1.30
1.70

Station 1

1971 1972
14.00 22.00
7.90 7.30
222.00 196.00
1.00 0.00
62.00 46,00
14.70 10.80
219.00 85.00
53.00 53.00
19.90 17.20
4.60 2.80
14.50 15.30
4,10 2.60
0.09 0.02
0.10 0.11
1.74 1.26
0.83 0.87
0.90 0.38
1.90 1.80
3.17 2.47

1970

42.00
6.40
123.00
0.00
10.00
10.70
49.00
42.00
6.00
2.30
9.10
2.30
0.07
0.04
0.77
0.69
0.08
0.63
0.77

Station 2

1971 1972
36.00 24,00
8.20 8.70
164.00 183.00
1.00 4,00
14,00 21.00
14.30 12.00
40.00 68.00
25.00 33.00
6.20 9.70
3.40 2.80
17.80 17.80
3.10 2.80
¢.04 0.02
0.02 0.10
0.86 1.40
0.60 1.00
0.26 0.42
0.50 0.64
1.41 1.10

1970

37.00
6.60
115.00
0.00
8.00
10.70
47.00
32.00
3.50
2.30
9.00
2.10

Station 3

1971 1972
32.00 21.00
7.70 B.60
159.00 188.00
0.00 4.00
12.00 20.00
14.30 11.10
51.00 82.00
23.00 15.00
5.20 7.90
3.20 2.80
17.00 19.40
3.20 3.10
0.04 0.02
0.02 0.08
0.97 1.60
0.58 0.84
0.40 0.75
0.30 0.18
1.28 J.984

Note - data in milligrams per liter unless otherwise noted

i cromhos/ cm
b

Jackson turbidity units

(Florida GFWFC, 1972)
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to pre-drawdown levels at station 1. Stations 2 and 3 register
reduced transparency, increased pH, and increased TON corresponding
to increases in algal blooms at these stations. Cation levels
decline over drawdown levels but remain above pre-drawdown concen-—
trations,

Reduction in NO3-N reflects a conversion to organic forms due
to increased productivity in the lake. Total phosphate levels are
lower at all stations compared to the drawdown period, but remain
higher than the pre-drawdown concentrations.

The major spource of nutrients to the lake is from treated sewage
effluent from five plants serving cities around the north shore of
the lake. These are depicted as stations 5 through 9 in Figure
5.20. Agricultural runoff is a secondary source of nutrients to the
lake. ZLoading rates from the sewage treatment plants have been
calculated by the Florida GFWFC (1972).

The above information on nutrient sources combined with pre-
vious data on non-point sources allows a nutrient budget to be
prepared for Lake Toho. The nutrient budget approach is similar to
the one used by Shannon and Brezomik (1972). Table 5.15 presents
the results of the annual budget for nitrogen and phospherus, where
i1t can be seen that the sewage treatment plants are the major source
of nutrients. Comparing the areal and volumetric loading rates to
the critical loading rates in Table 5.16 it can be concluded that
volumetric loading rates exceed dangerous levels for both nitrogen
and, in particular, phosphorus. The exceedingly high levels for
phosphorus compared to nitrogen provide a readily available source
for the growth of algae and aquatic weeds in the lake,

Although the drawdown experiment did not result in improved
water quality, it did succeed in establishing the major source of
the problem during the water quality monitoring program. The
Florida GFWFC (1972) feels that the treated effluent is the pre-
dominant factor accelerating the degradation of Lake Toho at the

present.

Water Quality and Detention Time

Further water quality monitoring efforts by the FCD
during the past two years in the upper chain of lakes have re-
vealed an interesting response (Figure 5.21). The distribucion of
total phosphorus concentration declines significantly from the
northern part of Lake Toho to the outflow from the lake, and
then a much slower decline occurs through Lakes Cypress, Hatchineha,
and Kissimmee. These data suggest that uptake rates in Lake Toho



Table 5.15. Nutrient Budget of Lake Tohopekaliga.

Source gé%rOgen Pho§phorus
B /yr (107 glyr)
#5 7.93 36.80
#6 1.21 1.77
#7 0.10 0.20
#10 | 1.29 2.70
Agric Land 6.87 1.45
Rainfall 3.47 2.72
Outflow 6.31 3.44
I-0 ' 14.56 42,20
Areal Load 1.71 g/mzlyr 4.96 g/mzlyr
Volumetric Load 1.31 g/m3/yr 3.80 g/malyr

Table 5.16. Critical Loading Rates for Nitrogen and Phosphorus.

Permissible Dangerous
(up to) (in excess of)
Reference Units N P N P
Shannon & Brezonik Volumetric
(1972) (g/m3-yr) 0.86  0.12 1.5  0.22
Tbid. Areal (g/ml-yr) 2.0 0.28 3.4 0.49
a

Vollenweider (1968) Areal (g/mZ-yr) 1.0 0.07 2.0 0.13

8¥or lakes with mean depths of 5 m or less.
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are reducing the total P concentrations by approximately 85 per-
cent by the time the water leaves the lake, depending on the
geason.

The concept of detention time T can be used to explain the
observed decline in concentration. As in the case of the river,
equation 5.8 can be applied to Lake Toho to estimate the reduction
as a function of T and k, the first-order decay coefficient. Since
C/Co is known (Figure 5.21) and T is assumed to vary from 4.0 to
6.0 months, one can solve for the value of k at 200°C. These average
values range from 0.02 day~l for the wet season to 0.01 day~1 for
the dry season. Compared to 0.1 day‘l reported for rivers, these
k values are an order of magnitude less, but with the long de-
tention time in the lake, it is possible to obtain about 85 per-
cent uptake compared to about 20 percent in the lower part of the
river below $65-C {Table 5.11).

The reason for the low value of k in Lake Toho is difficult
to explain, because the nutrient uptake in the lake is greater than
in most other components of the river basin. One possible explana-
tion is that the exponential decay (Figure 5.21) is, in reality,
a two—-stage process, with an Initial rapid loss of nutrients
over several days and a final decay stage of several months. This
type of response would yield a value of around 0.1 day~l for the
initial stage. Unfortunately, the frequency of data collected
by the FCD on Lake Toho does not allow a more accurate determination
of k.

From a water quality standpoint, nutrient uptake depends on
both the first-order decay coefficient and the detention time.
Decay coefficients tend to increase with temperature, which affects
biological and chemical activity. Detention times are shorter im
the wet season when decay coefficients and nutrient concentrations
are at their peak, and longer in the dry season when uptake rates
are at a minimum. Thus the hydroperiod variation in the lake
significantly influences the potential for nutrient uptake, es-
pecially in the wet season. These relationships imply that regula-
tion schedules might be altered in order to retain water longer
during the wet season, rather than drawing the lake down as rapidly
as possible. These changes should also consider the needs of flood
storage, so that a balance can be secured between objectives of
water quality and flood control.

The results for Lake Tcho compare favorably to a relationship
for Canadian lakes developed by Kirchner and Dillon (1975). They
relate the phosphorus detention or uptake to the areal water load
in the lake (m/yr), defined as the lake outflow divided by lake
surface area. For Lake Toho, the areal water load is 2.64 m/yr
on the average, and this corresponds to phosphorus uptake of 66
to 82 percent/yr from their relation. The observed uptake is 85
percent.
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Lake Toho, although receiving excessive loads of nutrients
at the present time, is able to process a large percentage by bio-
logical or physical uptake. Water quality leaving the lake is
much improved over water entering the northern side of the lakes,
and other lakes in the chain further reduce total phosphorus con-
centrations to a low level prior to entry into the Kissimmee
River.

It should be mentioned that this situation is subject to change
if future developments around the lake should increase the loading
and runoff rates such that detention times are reduced. If, for
example, average wet season detention times were reduced from 4.0
to 2.0 months, then uptake would drop from 89 percent to 67 per-
cent, assuming a constant first-order decay. Such a reduction
would have a large impact on water quality passing through the
chain of lakes.

If the viability and habitat of Lake Toho are to be maintained,
some form of nutrient diversion should be considered. Advanced
waste treatment and spray irrigation of waste water are two possible
alternatives. The next section describes the hydrologic and water
quality impact of swamps and marsheg in the Kissimmee River Basin.

EVALUATION OF MARSHES AND SWAMPS

Background

The utilization of natural areas, such as swamps, marshes, or
simple depressions, for the storage and possible treatment of
storm water runoff has been the subject of much discussion in
recent years. Studies conducted by Shih and Hallett (1973) in-
dicate that, at least initially, a portion of the nutrients con-
tained in runoff water are taken up in traversing marsh areas, and
the longer the residence time of the water within the treatment
area, the greater the amount of removal.

A storage/treatment model was developed to examine the de-
tention time, which will be defined as the amount of time a parcel
of water spends in a designated control area, and the quantitative
and qualitative effects of this time. A flow chart of this model,
which will be referred to as MARSH, is shown in Figure 5.22 (see
Bowden, 1975, for a more complete description). Given an inflow
hydrograph and initial values of storage and outflow, MARSH is
capable of determining: 1) the flow through the control area
2) the volume in storage and its associated detention time, 3)
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the cumulative distribution of volume versus detention time, and
4) the amount of flood attenuation and percentage of treatment
of the volume of water.

Description of the MARSH Model

In routing flood movement through an area the main elements in
the calculation are the balancing of inflow, outflow and volume of
water in the control unit as described earlier in this chapter.
MARSH employs the Manning equation and a relationship between depth
and Manning's roughness coefficient (n) to calculate the discharge
for various depths in the control area. The coefficients were
taken from a report by the FCD on marsh uptake rates performed in
the Chandler Slough area and should be applicable for this analysis
(see Figure 5.23),

The basic form of the Manning equation (5.16) for flow is:

q = 1.49 A R2/35£1/2 (5.17)
n
3
where Q = flow, ft /sec,

n = Manning's roughness coefficient,

A = cross-sectional area, ftz,

R = hydraulic radius, ft, and

Sy = slope, ft/ft,

Agssuming that the hydraulic radius (R) approximately equals the
depth for a very shallow, wide, outlet, equation 5.17 may be re-
written in the following form:

_ 1,49 1573172

Q=== . (5.18)

where W = width of the marsh, ft, and

[«
il

depth of the marsh, ft.



MANNING 'S n

©
1

o
1

o
I

34

EVERGLADES

CHANDLER SLOUGH

L3
e,
.

".
LT

Figure 5.23.

I

T | _ _ J
2 3

- 4 ) G T
DEPTH OF FLOW, D(FT)

Yariation of Manning's n with Depth (Shih and Hallett, 1974).

=I1T



175

Using equation 5.18 and the relationship of n to varicus depths,
the depth (stage) vs.discharge curve shown in Figure 5.24 is pro-
duced. In MARSH, arrays are formed containing the depth, dis-
charge, storage and storage + 1/2 discharge rate. These values
are computed in 0.25 foot increments from O to 5 feet, with inter-
mediate values being assigned by linear interpolatiom.

The plug flow subroutine, PLUGS, (Smith, 1975) computes the
time a parcel of water spends in the treatment area hased on a first
in, first out basis. A "parcel" of water is the volume leaving
on a given time step. PLUGS assumes no mixing of these parcels
as they pass through the control unit, so each parcel can be con-
sidered a single and separate unit as it enters and travels through
the system. The control unit type of routing is illustrated in
Figure 5.25.

In this manner the oldest water is removed from the storage
facility when outflow occurs. In addition to the detention time
for each parcel, the PLUGS routine calculates a cumulative dis-
tribution of the volume and detention time. That is, the length
of time a parcel of water spends in storage is added to all other
parcels which spent identical time, and then divided by the total
volume to obtain what percent of the total spent more than the in-
dicated time in storage.

1t should be noted that MARSH does not consider the time lag
which occurs as flow is routed through the system other than as a
horizontal surface reservoir. Rather all flow entering the area
is capable of being discharged within the same daily time step.
For example, even though large quantities of water entering the
upper reaches of the area may in reality require ome day or more
to reach the outlet of the system, this physical horizontal flow
time is not taken into consideration in the model's calculations.
These times were omitted for two reasons: 1) sufficient data for
determining the travel times were not available, and 2) this
allows the detention time calculated by MARSH to be conservative
{i.e. the detention times are actually longer than those reported
by MARSH}.

The calculation of the percentage treatment given a parcel of
water as it flows through the area was made using equation 5.9
presented earlier. The k value in equation 5.8 may be expressed
as:

T -20

= e (5.19)
k k20(1.047)
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where Te water temperature, °C, and

k reaction coefficient at 20°C.

20

This allows the first order decay coefficient variation on a sea-
sonal basis. In this analysis, k was varied based on the mean
monthly water temperatures provided by the FCD which are shown in
Table 5.17.

Results

Study Area--

In this section the results of MARSH will be discussed when
inputs such as land use, runoff, and size of the drainage and treat-
ment areas are varied. It should be made clear at the outset that
the analysis presented here is based on the assumption that the
regions referred to as marsh areas will become, in essence, control
units with inflow, outflow, storage, and bypass constraints imposed
upon them. This explanation is presented so that the reader will
not confuse the marsh in its natural state with the term marsh in
the context of the model.

Planning Unit 16, specifically an area known as Chandler S3lough,
is the portion of the basin selected for analysis. The main reason
for choosing this area is that the FCD used a 970 acre marsh in
this area for the water quality studies alluded to earlier, and
there are sloughs extending northward from the 970 acre area which
might be classified as control or marsh areas. The total of the
sloughs and 970 acre area provided a large marsh area (4,441
acres) which may be used for comparative purposes. Figure 5.26
shows the approximate location and shape of the two marshes, along
with the type of agricultural drainage they receive.

The MARSH analysis is divided into two phases: the first, deal-
ing with the quantity aspect, will discuss detention time, total
volume for various land uses, drainage vs. control area ratios,
and flood attenuation. The second portion will deal with detention
time related to quality, and the effects of the detention time using
first order decay parameters. A point worth noting is that due to
the lack of available data on ground water inflow, and evaporation
outflow, these hydrologic characteristics were assumed to offset
each other and were not considered in the quantity and quality
analysis.
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Table 5.17. Mean Monthly Water Temperatures for the Kissimmee-
Everglades Area {Shih and Hallett, 1974).

Mean Monthly

Month Temperature °C
January 21.0
February i6.5
March 20.0
April 22.0
May 25.0
June 28.0
July - 27.0
August 26.5
September 25.0
October : 22.0
November 22.0
Decenmber 21.5

Water Quantity --

Using the land use patterns projected by the linear program-—
ming model (Chapter 1I1) it is possible to examine the relation-—
ship between the size of the marsh and the amount of time a per-—
centage of the volume spent in storage for various study years.
Figures 5.27 and 5.28 illustrate the effects of the 4,441 and 970
acre marshes on the detention time for the years 1958, 1972, and
2020. Observe that the larger marsh provides a greatly increased
detention time, and the effect of changing the runoff volume (moving
from 1972 to 2020) has less impact on the detention time over most
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of the range for a given volume in the larger marsh. As an ex-
ample note that under present land use conditions (1972), the small
marsh can detain only approximately 20 percent of the runoff for
more than two days, while the larger (4,441) area detains about

80% for the same time period. In addition, moving from the 1972

to 2020 land use causes only a 5 percent (80 to 75) decrease in

the percentage of volume receiving two days of storage for the large
area, while the same change causes a 10 percent change (20 to 10)

in the smaller marsh.

The analysis assumes more meaning if some type of rumoff con-
trol is implemented. 1f, for inmstance, it is required that all
runoff leaving Planning Unit 16 spend at least five days within the
planning unit (on site) before being released into the canal or
river systems, the impact of the larger marsh is much more notice-
able. If the marsh area is retained at 4,441 acres during the 2020
study period, the planning unit is capable of handling approximately
35 percent of the runoff without the construction of additional
storage facilities. The reduction of the marsh area to 970 acres
allows only 5 percent to be detained the required time.

One of the major problems involved with using marsh areas
as storage-treatment units is the way in which alteration in the
natural cycle of detention time vs. season or months occurs.
Figure 5.29 shows the detention time vs. season for the natural
condition from January 1967 through June 1970. 1In the natural
state portions of the water had very large detention times, indi-
cating low flow, and a dying back or decreased growth rate in the
marsh. By utilizing the marsh as a storage~treatment unit, these
natural periods will be altered. This will constitute a leveling
out of the natural periods such as shown in Figure 5.30. At the
present time there are no data available to examine the effect of
removing the peaks, which perform a flushing action. This study
makes no inferences as to how the buildup of material in the marsh
areas might be handled, however this problem must be confronted if
the natural cycle is altered.

The detention times discussed through this analysis play a
very important role in the attenuation or lowering of peak outflows
through the marsh area. The amount of attenuation varies greatly
with the size of the marsh and the volume of water it must accept.
Tn recent years three major floods, November 1954, September 1960,
and October 1969 (Bedient, 1975) have occurred. For the attenua-
tion analysis the October 1969 rainfall will be chosen as the refer-
ence event. Figure 5.31 shows the attenuation of trhe October
1969 runoff through a 4,441 acre marsh under the 1958 land use
conditions. The percentage of this attenuation is approximately
66 percent while the lag period is approximately three days. In
comparison, Figure 5.32 shows the effect of 1972 land use conditions
using the same marsh area and runoff period. The percentage of
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attenuation has decreased to about 30 percent and the lag period to ap-
proximately 1 to 1.5 days. In addition, a dramatic rise in inflow
between the 1958 and 1972 periods may be seen due to the large

amount of unimproved pasture being converted to the improved

category. Finally, Figure 5.33 shows the 2020 land use conditions
which create in essence a pure translation of the hydrograph, with
almost zero attenuation and a lag period of less than 0.5 days.

At this point it would seem that the marsh has exceeded its carry-

ing capacity and is no longer effective for flood protection.

The analysis presented above has significant implications con-
cerning flood protection (amount of attenuation) in the Kissimmee
River Basin. It has been previously shown that a decrease in the
size of the marsh and swamp areas will effectively reduce the stor-
age time, implying thereby that a decrease in the amount of attenu-
ation will also take place. The same problem (decreasing flood
attenuation) may be brought about through increased intensification
of land use, even though marsh and swamp areas are unchanged. Thus,
one needs to determine the preferred mix of runoff into the control
areas and the size of the control areas.

The results of the MARSH model concerning the hydrologic im-
pact of the swamps and marshes can be compared to a widely used
procedure to estimate the mean annual floods in river basins through-
out the United States (Barnes and Golden, 1966). They found that
lakes and swamps attenuate the estimated mean annual flood in a
river basin in proportion to the percentage of the total basin in
lakes and swamps. Thus, their recommended procedure is to use
a flood attenuation factor taken from the curve shown in Figure
5.34,

For comparative purposes the October 1969 event using the
1972 land use and the 4,441 acres of marsh was analyzed by vary-
ing the drainage/control area ratio and calculating the amount
of attenuation obtained. Although the October 1959 event is not
a mean annual flood, it supplies sufficient conditions for comparison
with the Barnes and Golden analysis. By simply converting the
drainage/control area ratio, say Ag/A;, into the form used by Barmes
and Golden (AC/AC+Ad), it can be seen that although the curves do
not represent an exact fit, the comparable shape of the curves in-
dicates agreement between these Iindependent analyses. Note that
both curves indicate a significant decrease in the flood attenuation
when the percentage of an area in lakes and swamps is less than 15.

Water Quality--

The use of equation 5.8 allows the examination of quality
in much the same manner that attenuation of peak discharge was
performed. If the equation is considered to represent some type



MEAN ANNUAL
FLOOD FLOW ATTENUATION FACTOR

190

BARNES AND GOLDEN

MARSH ANALYSIS
OCTOBER 1969 FLOW
IS72 LAND USE, 444 ACRES

0

10 20 30 40 50
PERCENT AREA IN LAKES & SWA’MPS

Figure 5.34. Comparison with Barnes and Golden Analysis for the

Attenuation of Mean Annual Flood
{Barnes and Golden, 1966).



191

of nutrient uptake or treatment in the marsh area, the effect of
varying the drainage to treatment ratio may be examined for the

970 and 4,441 acre marshes, respectively. Figure 5.35 shows the
effect of this variation on the 970 and 4,441 acre marshes. Though
the break points are not as accentuated as in the quantity analy-
sis, the increasing percentage of water that becomes untreated

with increasing drainage/treatment area ratio should be clear.

The question might arise at this point, why should the size of

the marsh have any effect if the ratio is the same? That is, should
not a 1,000 to 10 ratio be essentially the same as a 10,000 to

100? The auswer is, of course, yes. However, MARSH assumes that
the widths of the areas are constant and thereby forces the entire
volume of water through the same size outlet. In other words,
regardless of marsh size the discharge characteristics were assumed
to remain constant. This causes larger marshes to empty more slowly
and thereby have longer detention times.

An additional reason for the observed variation is the assump-
tion that the water is instantaensously available for input in the
marsh area. This ignores the flow characteristics and increased
flow time across the drainage area, but because of the lack of avail-
able data comparable to those used in the earlier C-38 evaluation
to provide accurate estimates of these times, they were not con-
sidered.

The dot on the 970 acre curve of Figure 5.35 indicates where
Planning Unit 16 presently is on the curve if 970 acres of marsh
are available, which places the planning unit at a rather insen-
sitive point, i.e., the percent untreated will not increase dramati-
cally with intensified land use. The dot * on the 4,441 acre
curve on the other hand shows the position of 16 if 4,441 acres
of marsh are utilized and maintained. At this point, the percentage
treatment is still rather high, and decreases more slowly with
the increased ratio. Allowing the marsh area to remain in the 25:1
area would seem to assure fairly effective treatment for future
years.

Up to this point the ratio has been varied by changing the
runoff volume while holding the marsh area constant. If the oppo-
site technique is employed (Figure 5.36), the change is slightly
more dramatic in that the slope of the curve becomes quite steep
for small marsh areas. This analysis seems more reasomable. The
encroachment of urban and agricultural areas will tend to cause
drainage of marsh area, thus decreasing them in size. The dots
show the positions of the 970, 4,441, and 12,000 (1958 area) acre
marshes.



POLLUTANT REMAINING

%

100 —

@
o
l

0]
o .
i

H
o
]

N
@
|

192

PU 16

1972 LAND USE

970 AC MARSH

4441 AC MARSH

Figure 5.35.

] | | | ;
20 40 60 80 10G

DRAINAGE AREA/TREATMENT AREA

Percentage Treatment for Various Drainage/Treatment Area
Ratios Utilizing 970 and 4441 Acre Marshes.



00

1972 LAND USE
5 JAN 1967 TO JUNE 1970 RAINFALL
O \ 970 AC MARSH
2
=
= 60-
(2.
_.l..
=
2 404
"
2 444l AC MARSH
-1
B
Q.
o 20-
12,000 AC MARSH~"
Au I 1 | I !
0 2 10 12

4 6 8
MARSH AREA (I000 ACRES)

ﬂHm_.HHmwm.ﬁwwomsnmmmﬁwmmﬂams.ﬁmoﬁcmﬁ.ocm Zmﬂm?bﬂmmmanwHoo_mooanm Drainage Ares
ir. Planning Unit 14.



Summary

In

points:

1)

2)

3)

4)

194

summary, the marsh analysis has established four major

The size of marsh area and amount of inflow runoff de-
termine the transition of the outflow hydrograph, i.e.,
translation and attenuation,

Approximately 15 percent of an area should remain in
gome type of natural treatment system to obtain a good
degree of flood attenuation.

The percent of treatment of runoff decreases with in-
creasing drainage area/treatment area ratio, but decreases
more slowly for larger marsh areas.

Detention time is a good indicator of nutrient uptake and
flood attenuation rates in the marsh.



VI. SUMMARY

INTRODUCTION

The Kissimmee River Basin, located in Central Florida, orig-
inates near Orlando and passes through a series of shallow Iakes
in the upper reaches before emerging south of Lake Kissimmee as
a meandering river. Tt then flows south to Lake Okeechobee through
a2 relatively narrow floodplain (see Figure 6.1).

In October of 1956 the Corps of Engineers (COE) released a
report citing the need for flood control and water conservation in
the basin. Due to prolonged seasonal rainfalls, inadequate secondary
drainage canals, and limited outlet capacity, large areas of the
watershed were periodically flooded. Tropical hurricanes, which
Occur occasionally during the rainy season, also served to intensify
the problems. Extensive and costly flooding occurred numerous times
before the publication of the COE report, e.g., years 1945, 1947,
1948, 1951 and 1953, and the expanding agricultural economy in cen~
tral Florida indicated that the flood damages would only increase
in the future. The overall plan, proposed for central and southern
Florida, provided for channelization and control structures on
the Kissimmee River and below the larger upper basin lakes.

After completion of the channelization project on the Kissimmee
River Basin, objections were raised by eccologists and conservation
groups over the destruction of a unique natural meandering river
and its rich marshes, and the decline of fish and waterfowl re-
Sources. Concern over degrading water quality and the ultimate
effect on eutrophication of Lake Okeechobee was also expressed.

As a result, a report was presented to the Florida cabinet in 1972
by Marshall et al. The report recommended that a Water Qualicty
Master be appointed by the Governor in order to coordinate efforts
to restore water quality in the basin.

During the past two years, intensive studies by several agencies,
university groups, and consultants have been underway to examine
problems associated with Lake Okeechobee and its drainage basin which
includes the Kissimmee River Basin. This study dealt with a water
resources investigation of the Kissimmee River Basin. Included in
this analysis was an evaluation of the extent to which the channel-
ization of the lower Kissimmee River has caused water quality

195
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problems in Lake Okeechobee. The remainder of this section presents
the findings of this study and is a summary of earlier chapters
of this report.

LAND USE ANALYSIS

Land use in the Kissimmee River Basin has undergone rapid and
significant changes in the last 15 years. Past activities in the
upper part of the basin were dominated by urban interests, especi-
ally around the Orlando area, and agricultural interests involved
in citrus on the eastern ridge, small amounts of improved pasture
around the upper lakes, and large areas of unimproved pasture through-
out the remainder of the basin. Approximately 40 percent of the
land which was formerly unimproved pasture has been improved
through diking or drainage procedures. In addition, urban expan-
sion is evident south of Orlando, around lake borders, and in the
Disney World area of western Orange County.

Future patterns of land use in the Kissimmee River Basin have
been projected using estimates of the Soil Conservation Service
(SCS) and the U.S. Department of Agriculture in conjunction with a
linear programming model developed in the study. The results of
this analysis are projections to the years 1980, 2000 and 2020,
of what land use could be. It does not state that this is what
the land use should be, for that represents a policy choice beyond
the planner's realm of responsibility. It is important to keep
this distinction clear so that the analysis to follow is not con-
strued to be the well-publicized circular amalysis whereby projects
are justified to meet future demands which could only be met if the
project is built, i.e., self-fulfilling prophecies.

The results, shown in Table 6.1, indicate major shifts in land
use to urban and improved pasture. Swamps and marshes are expected
to decline significantly. Note that the lower Kissimmee River fiood
plain comprised only about 15 percent of the available swamps and
marshes in 1958. There could also be considerable future impact
on the Kissimmee River Basin due to the depletion of the muck lands
south of Lake Okeechobee.

QUANTITY AND QUALITY OF RUNOFF

Hydrologic Analysis

Relatively little research has been done on problems associated
with watersheds dominated by marsh and lake storage, extremely flat



Table 6.1. Land Use in the NHmme!mm River Basin - 1000 acres

wHM 1 2 3 4 5 6 7 8 9 10

Basi
s [uman b joroved Urowd s rorest  swm® st e Secface) Tota
19582 25.4 0.7 131.2 660.6 101.9 20.3 249.4 162.7 0.0 138.5 | 1490.
19722 92.5 2.8 457.8 369.2 108.1 . 45.7 140.5 132.0 3.1 138.5 | 1490.:
1980° | 134.8 9.4 512.0 271.2 99.9 62.9 127.9 131.0 3.1 138.5 | 1490.
2020° | 530.6  57.2 436.2 93.8 62.3 75.2 63.7 30.1 3.1 138.5 | 1490.

Ypased on analysis of aerial photographs.

cmmmmu on predictions of linear programming model, Chapter III.

“Lower Kissimmee River flood plain is 60.8 thousand acres.
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slopes, and long-term seasonal rainfall and flooding. These are

termed depressional watersheds, and are most commenly found along

the Coastal Plain of the southeastern United States, South Florida
watersheds including the Kissimmee-Everglades region fall into this
category. Unfortunately, depressional watersheds, lacking the

normal dendritic drainage pattern, are not easy to monitor.

Figure 6.1 shows the USGS gaging stations in the basin as of 1974,

Note that the entire lower basin (S65 to 565-E) is monitored only

at the upper and lower boundaries. Thus, it is quite difficult to
characterize the hydrology of this vast area which is undergoing
significant changes due to channelization and upland drainage. From

a4 water quality point of view, it is important to estimate the

volume and transport pathway of water entering the main river, i.e.,
direct (surface) runoff (overland flow plus interflow) ws. subsurface
flow. TUnfortunately, data are lacking to make this judgment, Only

with an adequate monitoring program can the hydrology of the Kissimmee
River Basin be evaluated properly. But planning programs are needed

now to properly manage the area. Thus, hydrologic models have been
developed to provide some preliminary judgments regarding the study

area. BExisting data are used whenever possible for calibration pur-
poses. The results from simulating what might occur if the precipitation
of 1967 to 1969 falls on planning units 13-17 for 1958, 1972 and 2020 land
uses are shown in Figure 6.2. Under natural conditions most of the water
reaching the lower Kissimmee River Basin was from subsurface runoff. Thus,
it took longer to reach the river and the water was purified by the soil,
If present drainage practices continue, it appears that most of the future
runoff will be surface runoff via drainage canals. This water will reach
the river sooner and carry more pollutants with it. This change is duea to
the fact that surface soil layers (above the level of water in adjacent
drainage channels) now contribute to surface runoff (via interflow) where
they formerly contributed to the subsurface flow regime.

Pollutant Loadings

The water running off the land carries with it pollutants
from man's activities. Only recently has the seriousness of this
problem been recognized. Thus, few data exist to evaluate the
magnitude of this source with the desired accuracy. Loehr (1974)
has surveyed the available literature. Based on his studies one
can determine the approximate relative importance of various land
uses in generating pollutants. The results are shown in Table
6.2,

Available water quality data were compared with the extent
of surface drainage in the basin to determine if a correlation
exists. Drainage density, measured in miles of drainage network per
square mile of land, is also shown in Table 6.2.

Based on the detailed investigations of drainage density levels
in each planning unit and slough system along the river, measured
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Table 6.2, Relative Non-Point Source Loadings and Drainage Density.

-

Land Use Relative Pollutant Drainage Density Maximum Distance to
Category Weight {(miles per square Drainage Canal
mile of land) (ft)
Forest, Marsh, Rangeland 1-5 1.0 5280.0
Cropland 2-10 32.0 167.0
Improved Pasture 10-30 ) 2.5 2110.0
Urban Drainage 15-50 16.0 334.0

Feedlot Runoff 50-500 32.0 167.0




202

concentrations of total phosphorus, the pollutant of primary concern
to Lake Okeechobee, for the wet season (1974) were plotted versus
measured drainage densities. Although only a limited number of

data points are available for the lower basin, positive correla-
tions are obtained as shown in Figure 6.3. It is reasonable to
expect this result since the distance a pollutant needs to be
transported to reach a drainage canal decreases as drainage den-
sity increases (see Table 6.2).

INTEGRATED ENVIRONMENTAL ANALYSIS

Storage-Treatment Concepts

Characteristics of hydrolegic and nutrient cycles can be
Placed into the general framework of reservoir storage and control.
Various hydrologic components in a river basin system are dis-
tinguished by a set of specific inflows, outflows, storages and
losses which contribute to the overall response. The detention
time parameter, T, defined as the ratio of storage volume to out-
flow runoff rate, provides a useful measure of reservoir storage
and outflow, and can be used to characterize various components of
the hydrologic system, i.e., soil, marsh, pasture, lake, planning
unit or river.

In particular, surface and subsurface runoff volumes for a
particular soil-land use pattern can be characterized according
to detention time, T. Both soil moisture and surface components
can be evaluated. Because shorter T values tend to be associated
with higher outflows and lower storage capacity, this index
provides a useful measure for managing and controlling runoff
in a river basin.

Detention time also plays a key role in nutrient cycling as
it relates to treatment rates for runoff on the land, in the soil,
and in lakes or streams. In general, the longer the detention time,
the greater the potential for nutrient uptake and/or deposition
of sediments. Thus, water quality control through the system can
be characterized by the length of time available for physical,
biological and chemical uptake mechanisms.

Based on these concepts for runoff control, water quality
control can be placed into a similar context by considering de-
tention time as an index of treatment potential. In the tradi-
tional sense, a treatment unit is composed of an input, uptake
system, and output. The treatment efficiency depends on storage
capacity, uptake capacity, and flow rates.
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Water pollutant uptake rates can be expressed as a function
of detention time, T, and the first order pollutant removal rate,
k, which depends on the particular treatment unit and pollutant.
Since k is generally fixed for a particular component of the system,
it follows that detention time becomes an index of treatment poten-—
tial. This procedure allows comparisons to be made among different
storage and treatment units, e.g., marsh, lake, river.

Evaluation of C-38

Water Quantity--

A comparison of the flood hydrograph with and without the flood
control project can be made by investigating the floods of 1953,
1960 and 1969. Figure 6.4 shows the monthly rainfall and daily
streamflow for the Kissimmee River near Okeechobee, Florida (S65-E)
for the three flood years. The 1969 flood occurred five years after
the control works had begun operation and the other floods repre-
sent the response of the unchannelized river floodplain. Rainfall
patterns are similar for the three floods with 1953 recording the
highest rainfall amount. The 1953 and 1960 flood hydrographs are
similar in all categories except for the actual shape of the curve.
The recession for the 1953 event was slightly longer. The 1969
hydrograph is markedly different from the others and is character-
istic of a developed drainage system, i.e., a higher peak flow and
a shorter lag time between rainfall and response. Recession time
is reduced as is total flood time although reduction of the
latter corresponds roughly to the 15 percent reduction in flood
velume. Note the secondary flood peaks which are characteristic
of a channelized system. In addition, the time of travel through
the system under flood conditions has been significantly reduced due
to the altered channel characteristics and reduction in total river
length.

The model HLAND was verified for the Kissimmee River Basin
using present land use configurations and a series of daily rain-
fall patterns over the basin. HLAND calculates the contribution
of total runoff to the river, which is then routed down the river
to yield the predicted outflow hydrograph on a daily basis.

A series of calibration years, 1965-1970, was selected based
on the availability of data and the fact that this sequence in-
cludes both drought and extreme flood conditions, which provides
a good test of the accuracy of the model. A comparison of measured
and predicted streamflows is depicted in Figure 6.5 at the gaging
station near Okeechobee (S65-E). It can be seen that the madel
provides a generally accurate representation of the basin response
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during conditions of floods (1969-1970), droughts (1965-1967), and
average flows (1968).

Based upon runs of HLAND and a detailed analysis of lower basin
travel times, the basin response seems to be much more sensitive
to the land drainage characteristics than to the condition of the
narrow river flood plain. Travel times were slower under the 1958
regime because upland marsh and slough detention provided additional
storage capacity during the wet season and because much more runoff
was in the form of subsurface flows. The present regime induces
excess water into drainage canals at a faster rate, and thus yields
increasing percentages of surface runoff compared to subsurface flow
as shown in Figure 6.2.

These effects are summarized in Table 6.3 in which the effects
of land use change on lower basin's travel times are shown. The
dominant effect appears to be upland drainage within the planning
units rather than the comstruction of C-38., In addition, drainage
of approximately 80 percent of the lower basin could probably have
been achieved without construction of C-38 according to an analysis
of flood stages and elevation contours.

The analysis procedures have thus revealed several interesting
characteristics about the hydrologic response in the Kissimmee
River Basin. These are listed below:

1) The basin has a marked wet season between the months
of June and October associated with the majority of
rainfall and streamflow volumes in the river.

2) Remaining months of the year are dominated by very low
flows due primarily to lack of rainfall and flat top-
ography.

3) The 1972 land use regime along with the channelized
river produces higher maximum and lower minimum flows

for typical flood events compared to the 1958 regime.

4) The increased hydrologic response to the basin is due
primarily to upland drainage activities rather than
the C-38 channelization itself; upland drainage con-
tributes more surface runoff volume and at a faster
rate than before, thus creating an increased hydro-
logic response overall. Regulation of flows by upper
and lower basin structures has also altered the
hydrologic response of the basin.

5) Planning units dominated by drainage canals tend to
produce more surface runoff than planning units in a
more natural state, while subsurface flows are less
under drained conditions.
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Table b.3. Travel Time Computations for Lower Basin, Planning
Units 13-17, Plus Kissimmee River.

1958 1972
Land Use Land Use

Fraction of Total Planning Unit Runoff 0,137 0.477

Appearing as Surface Runoff2
Average Direct Runoff Travel Timeb, days 6.1 4,1
Average Sub-surface Travel Timec, days 47.7 33.7
Welghted Average Travel Time, days 42.0 19.6
Kissimmee River Travel Time, days 9.0d 14.0%
Total Travel Time, days 51.0 33.6
Difference, days 17
Difference due to Upland 22

Land Use Changes, days
Difference due to Channelization, days -3

%From HLAND simulation using 1967-1969 rainfalls, Table 4.24.

bFrom surface detention constants and computed travel times Table
4.7, weighted by land use and soil type, Table 4.13.

“From Table 4.28 based on calibrated base flow rates and drainage

density changes.

dFrom Table 5.7.

e . . :
Calculated from accurate cross section information for average

annual flow rate, Table 5.3.
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Water Quality--

Water quality data for the Kissimmee Basin have been collected
in the river for the past several years, and in tributary inflows
for the period September 1973 to October 1974. The original moni-
toring program on the river was begun by the U. S. Geological Survey,
and has been continued and expanded by the Flood Contrel District
(FCD).

While a large number of water quality parameters have been
analyzed under the monitoring system, the levels of nitrogen and
phosphorus are of most direct concern because of their association
with the eutrophication process. An analysis of available water
quality data from the FCD indicates that total and inorganic phos-
phorus levels are the most responsive parameters, while no significant
variation is observed for nitrogen levels. This can be explained
by the assumption that phosphorus tends to be adsorbed by soil par-
ticles and is available for surface transport via runcff and erosion.
On the other hand, most forms of nitrogen are soluble and can be
leached from the soil or returned to the atmosphere, thus reducing
any relationship with surface transport.

Samples were taken monthly for one year for the lower river
and on a quarterly basis in the upper lakes. A plot of total P
concentration as a function of sampling location for the lakes and
river segments depicts a very interesting pattern (Figure 6.6). Wet
Season average concentrations are quite high in Lake Tohopekaliga,
but decline rapidly before reaching Lake Cypress., Concentrations
are further reduced to Lake Kissimmee at which point the levels
indicate fairly good water quality. From the outlet of Lake Kis-
simmee to S65-C the levels remain fairly low but increase rapidly
between that point and $65-E.

The high -levels of total P in Lake Tohopekaliga are primarily
due to nutrient loading from treated sewage. It appears that up-
take mechanisms are presently cleansing the water to a high degree
before it leaves Lake Tohopekaliga.

The water entering the Kissimmee River from S65 is of fairly
good quality, but concentrations increase rapidly south of $65-C.
The obvious question as to the cause of these increased concentra-
tions can be answered by considering nutrient levels of water
which enters laterally via tributary flow to the river.

Inflow tributaries, which were sampled om a monthly basis,
did not yield any significant variation of total N from one loca-
tion to the next, but total P levels showed a pronounced increase
in wet season concentrations south of S$65-C. Ice Cream and Pine
Island Sloughs produced very low levels throughout the year
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(Figure 6.7), while Oak Creek, Chandler Slough, Yates Marsh, and
the Maple River yielded progressively higher concentrations (Figure
6.8). Blanket Bay in pool A vielded high values, but inflows from
Lake Kissimmee and Ice Cream Slough kept the average concentration
low. It appears that the high phosphorus levels in the river are

a direct result of tributary loading, especially south of S$65-C.

An indication of uptake that might occur under present con-
ditions for C-38 is shown in Figure 6.9. The dashed line was ob-
tained by starting at Lake Kissimmee with a measured flow and
concentration and solving a mass balance of measured concentrations
and predicted runoff volumes (by HLAND) from downstream planning
units. The result indicates potential for approximately 50 percent
uptake under present average conditions. Assuming longer flood
travel times under the natural floodplain conditions, prior to con-
struction of C-38, uptake potential during those conditions may
have been greater, although the opposite is true under average flow
conditions. However, it is unlikely for either case that the river
and floodplain provide sufficient nutrient uptake to alleviate water
quality problems caused by runoff from adjacent planning units.

The main reason for this is the fact that the more rapidly flowing
river (pre- or post-construction) does not provide sufficient de-
tention times for physical, biclogical and chemical mechanisms to
operate. This is especially true for the critical section below
S65-C, where increased surface runoff volumes would tend to reduce
the value of T if natural conditions still existed.

As mentioned, nutrient uptake requires relatively long detention
times. This implies that the greatest potential would occur in
lakes and marsh areas scattered throughout the basin. If ome could
route agricultural runcoff, enriched with nutrients, through these
areas prior to entry into the river, then the observed trend in
Figure 6.6 could possibly be averted. The next section examines
the lakes in the upper part of the basin.

Lakes

Water Quantity——

Hydrologic analyses indicate that the average detention time
of water in Lake Toho is about six months during the dry season of
January to June and about four months during the wet season of July
to October. These values are influenced by the extent of flood or
drought conditions. For the flood of 1960, detention time varied
from about 1.0 to 3.0 mouths during the wet season and up to 7.0
months for the following dry season. During the drawdown experiment
and drought conditions of 1971, the detention time exceeded 1.0 year
since outflows from the lake were zero for most of the months during
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the experiment. Based on the above hydrologic analysis, the average
detention time in the lake is assumed to be about 5.0 months, which
implies that the lake turns over 2.4 times per year, on the average.

Figure 6.10 depicts the zones of fluctuation under matural and
regulated conditions for Lake Tocho. The lake naturally ranged from
51.5 feet to 55.5 feet on the average during the year. The present
interim regulation schedule allows a range from 52 feet to 55 feet,
increasing the area of marsh fringes now inundated all vear. These
areas not only are vital and productive for fish and wildlife, but
also represent vegetated buffer zones for urban and agricultural
runoff waters. These changes in detention time due to the flood
control regulation are important from a water quality standpeoint.

Water Quality--

Water quality monitoring efforts by the Flood Control District
during the past two years in the upper chain of lakes have revealed
an interesting response {(Figure 6.11). The distribution of total
phosphorus concentration declines significantly from the northern
part of Lake Tohe to the outflow from the lake, and then a much
slower decline occurs through Lakes Cypress, Hatchineha, and Kis-
simmee. These data suggest that uptake rates in Lake Toho are
reducing the total P concentrations by approximately 85 percent by
the time the water leaves the lake, depending on the season.

The concept of detention time T can be used to explain the
observed decline in concentration. The reduction can be expressed
as a function of detention time, T, and pollutant removal coeffi-
clent, k. T is assumed to vary from 4.0 to 6.0 months and k ranges
from 0.02 day~l for the wet season to 0.01 day'l for the dry season.
Compared to 0.1 day-l reported for rivers, these k values are an
order of magnitude less, but with the long detention time in the
lake, it is possible to obtain about 85 percent pollutant control.

From z water quality standpoint, nutrient uptake depends on
both the first-order decay coefficient and the detention time.
Decay coefficients tend to increase with temperature, which affects
biological and chemical activity. Detention times are shorter in
the wet season when decay coefficients are at their peak, and
longer in the dry season when uptake rates are at a minimum. Thus,
the hydroperiod variation in the lake significantly influences the
potential for nutrient uptake, especially in the wet season. These
relationships imply that regulation schedules might be altered im
order to retain water longer during the wet season, rather than
drawing the lake down as rapidly as possible. These changes should
also consider the needs of flood storage, so that a balance can be
secured between objectives of water quality and flood control.
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Lake Toho, although receiving excessive loads of nutrients at
the present time, is able to process a large percentage by bio-
logical or physical uptake. Water quality leaving the lake is much
improved over water entering the northern side of the lakes, and
other lakes in the chain further reduce total phosphorus concentra-
tions to an acceptable level prior to entry into the Kissimmee River.

This situation is subject to change if future developments
around the lake should increase the loading and runoff rates such
that detention times are reduced. If, for example, average wet sea-—
son detention times were reduced from 4.0 to 2.0 months, then uptake
would drop from 89 percent to 67 percent, Such a reduction would
have a large impact on water quality passing through the chain of
lakes.

If the viability and habitat of Lake Toho are to be maintained,
some form of nutrient diversionm could also be considered. Advanced
waste treatment and spray irrigation of waste water are two possible
alternatives.

Swamps and Marshes

Water Quantity--

Planning Unit 16, specifically an area known as Chandler
Slough, is the portion of the basin selected for analysis. The
FCD used a 970 acre marsh in this area for their water quality
studies and there are sloughs extending northward from the 970
acre area which might be classified as control or marsh areas.
The total of the sloughs and the 970 acre area provided a large
marsh area (4,441 acres) which may be used for comparative purposes.
Figure 6.1 shows the approximate location and the shape of the two
marshes, along with the type of agricultural drainage they receive,
A simulation model called MARSH was used in this analysis.

Using the land use projections, it is possible to relate the
size of the marsh to the detention time experienced by a given per-
centage of total annual runoff for various study years. Figure
6.12 illustrates the effects of the 4,441 and 970 acre marshes on
the detention time for the years 1958, 1972, and 2020. The larger
marsh provides a greatly increased detention time. As an example
note that under present (1972) land use conditions, the 970 acre
marsh can detain only approximately 20 percent of the runoff for
more than two days, while the 4,441 acre marsh detains about 80
percent for the same time period.
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In recent years, three major fleoods, November 1954, September
1960 and October 1969, have occurred. Figure 6.13 shows the runoff
from the Qctober 1969 flood through the 4,441 acre marsh under the
1958 land use and 2020 land use conditions. Upstream development
causes a much higher peak inflow rate to the marsh. Also, the 2020
land use conditions create, in essence, a pure translation of the
hydrograph, with almost zero attenuation and a lag period of less
than 0.5 days. At this point it would seem that the marsh has
exceeded its carrying capacity and is no longer effective for flood
protection.

These results can be compared to a widely used procedure to
estimate the mean annual floods in river basins throughout the
United States (Barnes and Golden, 1966). They found that lakes
and swamps attenuate the estimated mean annual flood in a river
basin in proportion to the percentage of the total basin in lakes
and swamps. Thus, their recommended procedure is to use a flood
attenuation factor taken from the curve shown in Figure 6.14.

For comparative purposes the October 1969 event using the
1972 land use and the 4,441 acres of marsh was analyzed by varying
the drainage to control area ratio and calculating the amount of
attenuation obtained. Although the October 1969 event is not a mean
annual flood it supplies sufficient conditions for comparison with
the Barnes and Golden analysis. By converting the drainage-~control
area ratio into the form used by Barnes and Golden it may be seen
that although the curves do not represent an exact fit, the com-
parable shape of the curves indicates agreement between these inde-
pendent analyses. Note that both curves indicate a significant
decrease in the flood attenuation when the percentage of an area
in lakes and swamps is less than 15,

Water Quality--—

Using the same nutrient uptake analysis as before, the effect
on water quality of varying the amount of marsh available in Plan-
ning Unit 16 may be evaluated. TFigure 6.15 shows that the percent
nutrient removal i1s about 20 percent for the 970 acre marsh, 70
percent for the 4,441 acre marsh, and 20 percent for a 12,000 acre
marsh.

One of the major problems involved with using marsh areas as
storage—-treatment units is the way in which alterations in the
natural cycle of detention time vs. season or months occur. Figure
6.16 shows the detention time vs.season for the natural and modi-
fied conditions from January 1967 through June 1970. 1In the natural
state portions of the water had very large detention times, indi-
cating low flow, and a dying back or decreased growth rate in the
marsh. By utilizing the marsh as a storage-treatment unit, these
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natural periods will be altered. At present, data are not available
to examine the effect of reducing peak flows through the marsh which
perform a flushing action, This study makes no inferences as to

how the buildup of material in the marsh areas might be handled;
however this problem must be confronted if the natural cycle is
altered.

Summary—-

The marsh analysis established four major points:

1. The size of marsh area and amount of inflow runoff
determine the transition of the outflow hydrograph,
i.e., translation and attenuation.

2. Retaining approximately 15 percent of the land area
as hydrologic control units provides significant
flood attenuation.

3. The percent of untreated runoff increases with
increasing drainage area/treatment area ratio.
At least 10 percent of land as natural treatment
units is needed to obtain a high (90 percent)
degree of nutrient control.

4, Detention time is a good indicator of nutrient
uptake and flood attenuation rates in the marsh.

MANAGEMENT ALTERNATIVES

Background

Concern exists that the Kissimmee River Basin is contributing
significant pollution to Lake Okeechobee. Of course, concern also
exists that the integrity of the Kissimmee River Basin itself needs
to be protected. No one is certain what the best course of actien
is due to lack of data and knowledge of how these complex systems
behave. Thus, the immediate problem is to identify management al-
ternatives and assipgn priorities. The concept of detention time
enables one to get a first approximation of the effectiveness of
control alternatives. The previous analyses indicate that lenger
detention times enhance greater flood control and water quality
control. The report stresses repeatedly that each unit, i.e.,
land, lakes, rivers, swamps and marshes, acts both as a storage
and treatment device. Existing land development decreases the
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options available for control of water quantity and gquality. Thus,
off-site control in downstream systems takes place., Within the
Upper Kissimmee River Basin the lakes are being stressed as land
drainage increases. They appear to be very effective as control
devices. However, a price is paid in terms of degraded conditions
within the lakes. With regard to the Lower Kissimmee River Basin,
it appears that installation of land drainage facilities rather than
the C-38 channelization is the major cause of degraded water quality
leaving C-38. The Lower Kissimmee River flood plain comprised only
15 percent of the swamps and marshes in the total basin in 1958.
Thus, changes in this regime alone could not account for the present
degraded conditions. With regard to Lake Okeechobee, it appears
that pollution contrel in planning units near the lake would be
more cost-effective since the time of travel from these units to

the lake is relatively short. Consequently, the first priority
should be given to devising on-site water management programs

which are essential to any long-term management program. Modified
operating policies in the lakes and C-38 would alsc be helpful but
are of less significance.

On-Site Control

If some marsh and swamp area is available, and knowing that
storing runoff in marsh areas provides quantity and quality benefits,
then it is possible to discuss a management strategy which utilizes
the marsh system. One possible arrangement shown in Figure 6.17
represents the marsh/agricultural conditions which currently exist
in Planning Unit 16, and shows one possible means of utilizing the
marsh and sand pond areas. Hydrologically, this system lends itself
well to the purpose, since in many instances the marshes and ponds
have been connected for drainage purposes, thereby requiring only
the establishment of control structures at the inflow and outflow
points of the area. These structures could be designed to detain
small storms for a considerable time, while allowing larger storms
to pass through. This type of system would reduce the possibility
of flood damages. In additiom, if permanent structures (such as
concrete V-notch weirs) were installed it would greatly reduce
the problem of inspection.

The problems encountered with this system must also be given
consideration: First, the areas referred to as marsh and swamp
will, in essence, be control units, and will be managed in the
same manner as an oxidation pond or other treatment unit, with
inflow, outflow and storage regulated on a continuing basis.
Second, the effect on a system in which the natural cycle is al-
tered is, at present, unknown, thus making the useful 1ife of the
system open to question. Third, during very wet periods the unit
may not provide adequate quality or quantity control. Lastly, some
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kind of harvesting procedure is needed to maintain the viability
of these units. With these facts in mind, it should be recognized
that the marsh/treatment system is not an elixir, but only a
possible control which might be implemented in conjunction with
other water management practices.

During the course of this study several trips were made
through the basin to consult with persons familiar with agriculture
in the basin and ascertain their views on which practices they con-
sider economically achievable and effective for the basin. When
presented with the alternative shown in Figure 6.17 most farmers
indicated that they would be receptive in the event some type of
financial assistance might be available, or in several cases people
indicated a willingness to expend personal funds providing there
was some assurance that this would provide the type of control
needed to meet the requirements of the state inspection agencies.
This does not seem an unreasonable request on the part of agricul-
ture; however, the control agencies have the responsibility of
maintaining certain water management levels, and without the aid
of long range data cannot commit themselves to acceptance of un-
tested management policies. Some groups oppose public control of
water management policies on their land. Also, many farmers feel
that the effort in increasing or retaining present water quality
should be pointed toward the restricted development of land now
in a natural state, rather than imposing further restrictions on
land already in production,

As a final point, it should be noted that many of the farmers
are presently attempting to control runoff at their own expense by
various means. These include spreading manure from cattle opera-
tions back onto the land, producing forage in previously unused
areas around dairy farms, and detaining water on the land for irri-~
gation purposes during the dry season.

Recommendations

Based on the results of this research it is felt that the
following type of programs should be considered.

1) Implementation of policies that would require on~site
detention for all types of developments for specified
storms before allowing the runoff te enter the canal
or lake system.

2) Enlist the aid of the Agricultural Extension Service
and other agricultural agencies for the purpose of
education, design, and perhaps financing of water
management strategies like those presented in Figure
6.17.
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4)
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Establish a study to evaluate the effectiveness of the
marsh on water quality, and the impact on the marsh

of altering the matural hydrologic cycle by using it
as a control unit.

Continue studies directed towards determining the
optimal operating pelicy for existing structures.
Strong emphasis should continue to be given to res-
toration of natural hydroperiods to the extent that
it is feasible.



APPENDIX A

RESULTS OF LAND USE ANALYSIS

Results of the land use analysis described in Chapter III
are presented in the following tables for planning units 1-18 of
the Kissimmee River Basin. Areas are segmented by land use and soil
type for the four years 1958, 1972, 1980, and 2020. vValues for 1958
and 1972 are taken directly from aerial photos. Values for 1980 and
2020 are predicted by the linear programming model, under the assump~

tions listed in Chapter III.
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LAND USE BY sOIL TYPE IV THE KISSIMMEE RIVER BASIN
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PLANNING UNIT 10
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APPENDIX B

DRAINAGE DENSITY STUDIES

DRAINAGE BASIN CHARACTERISTICS

A drainage basin is the entire area providing runoff to, and
sustaining part or all of the streamflow of, the main stream and
its tributaries. Drainage basin or watershed thus refers to the
area enclosed by the boundaries of the surface and groundwater
runoff system. The need to study the form and process relationships
in the drainage basin derives from the function involved in the
hydrologic cycle in conveying water from precipitation to its
final destination as streamflow.

Measurement and quantitative description of the drainage basin
were firmly established by Horton (1932, 1945) when he initially
characterized drainage basins by morphologic, soil, geologic or
structural, and vegetational factors. Langbein (1947) extended these
ideas to include topographic characteristics which relate to drainage
basin functions. A drainage basin can be described by topographic
parameters which include area and size, shape and pattern, relief and
slope, and drainage demsity. A variety of interpretations are avail-
able in any of the following references: Strahler (1964}, Leopold
et al. (1964), and Gregory and Walling (1973).

Drainage basin area is difficult to correlate with catchment
response due to nonuniform soil, vegetative, and topographic pro-
perties. High relief and slope indices tend to be associated with
smaller basins. It follows that the highest floods per unit area
are found to be characteristic of the smallest catchment areas. TFor
many years a simple relation between an index of streamflow (Q) and
catchment area (A) has been used as a guide to basin response. Rela-
tions of the form Q = aAb, where a and b are constants, have been used
for predicting flood events. Basin area has a different significance
depending on catchment characteristics and the index of streamflow.
Glymph and Holtan (1969) illustrate different types of relationships
which can result when mean annual runoff is related to drainage area
(Figure B.1). In humid areas such as Ohio, upland infiltration
returns in part to downstream channels causing a gain in streamflow
per unit area as basin size increases. In drier regions, runoff per
unit area may be constant or decrease with inereasing basin size.
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Figure B.l. Mean Annual Runoff versus Drainage Area (Glymph
and Holtan, 1969, p. 54).
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Other indices of basin size have been used in relationships
with watershed response. The length of the longest stream (L) was
used by Morisawa (1967) in a relation with mean annual discharge (Q)
for watersheds in the eastern United States. Stream order, which
measures the amount of branching within a basin, is of limited value
in relation to measures of stream discharge unless the method of
ordering is directly relevant to runoff production. A complete
discussion of various methods for stream ordering is contained in
Gregory and Walling (1973).

Basin relief, which refers to channel or valley slope, exer-
cises an influence over peak runoff and sediment production in the
basin. The significance of relief is difficult to ascertain because
it is bound up with other basin parameters. These same points
apply to basin shape, which generally determines the lag time of
the basin hydrograph response. This effect can be observed in
Figure B-2-A, B, and C from DeWiest (1965). The pattern of the
drainage network also affects the hydrograph response as shown in
Figure B-2-D and E from Strahler (1964).

Many of the indices discussed above do not respond to the
dynamic character of the watershed because they express overall
size, shape, or relief of the basin. It is now increasingly appre-
ciated that only part of the basin actually produces runoff and
sediment at a particular time. Therefore, of all topographic
characteristics, perhaps drainage density is potentially the most
useful single index of drainage basin processes. The significance
of drainage density stems from the facts that water and sediment
yield are very much influenced by the length of water courses per
unit area, and that it can be regarded as both an input or a response
to input (output) to the basin.

DRAINAGE DENSITY

Drainage density was defined by Horton (1932) as the length of
Streams per unit of drainage area, and he considered a range of
drainage densities from 2.0 mi/sq mi for steep impervious areas to
nearly zero in permeable basins with high infiltration rates.

More than 20 years of investigation from areas all over the world
have shown a greater range in the values. Strahler (1957) described
drainage density values less thanm 5.0 mi/sq mi as coarse, between
5.0 and 13.7 as medium, between 13.7 and 155.3 as fine, and greater
than 155.3 as ultra-fine. Values in the medium category have been
recorded from large areas of the humid central and eastern parts

of the United States, whereas fine values have been measured in

the Badlands in South Dakota (Smith, 1958).

Several useful relationships exist for describing stream areas,
stream lengths, and stream numbers, all of which are important for
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Figure B.2. The Significance of Drainage Basin Shape (A, B, C) and
Network Pattern (D, E) on Hydrograph Response (DeWiest,
1965, and Strahler, 1964).
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understanding drainage density. The law of stream lengths (Horton,
1945) can be stated as

L
R (B-1)

where Ly is the mean length of channel of order u, Ry is the ratio
of the lengths of different order, and r is a positive integer.

Another measure of network structure is the bifurcation

ratio Rb’

Rb =¥ (B.2)

where N is the number of stream segments of order u and Ry is
the ratio of N to the number of segments of next higher order.
Horton (1945) developed the law of stream numbers from equation
B.2Z which states that the number of stream segments of each order
forms an inverse geometric sequence with order number, or

_ ok-u
Nu = Rb (B.3)

where k is the order of the trunk segment.

Drainage density was defined by Horton (1932) as the ratio
of total channel-segment lengths cumulated for all orders in a basin
to the basin area Ak’ or

k Ny
Lz L

s 1 _a U
D = i=1 u=1 (B.4)

d A

Horton (1945) combined the laws of stream numbers and lengths with
his definition of drainage density to yield

u=-1 u

LRy Ryl

D = (B'5)
u Au RLb -1

where Dy is the drainage density of an entire basin of order u,
Rip 1is the ratio of Ry, to Ry, and other terms are as defined pre-
viously. This equation combines all the geometric factors which
determine the composition of the drainage net of a stream system
inte one expression. '

The average length of overland flow L, is approximately one-half
the average distance between stream channels, which equals the
reciprocal of Dy. When modified for the effect of land and stream
slope, Horton (1945) expressed this as
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L = L (B.6)

g 2D /1 - ®_76.)

where © is channel slope and Gs is average ground slope in the
area.

Factors controlling drainage density are the same as those that
control the characteristic length dimension of any group of first-
order basins. In general, low drainage density is favored in regions
of highly permeable soils, dense vegetative cover, and low relief.
High drainage density is favored in regions of impermeable soils,
sparse vegetation, and mountainous relief. Thus humid temperate
areas tend to have lower densities compared to semi-arid regions.

A comprehensive study of drainage density controls by Melton (1957)
indicated a strong inverse relationship to the effective precipitation
index of Thornthwaite (1948). Other independent variables such as
infiltration capacity, vegetative cover, surface roughness, and

runoff intensity were investigated. Of these, only surface roughness
had no significant correlation with D4 In another study, Carlston
(1963) interpreted variations in drainage density according to terrain
transmissivity.

The relationship of drainage density to basin output is perhaps
most significant. The drainage network characterizes the infiltra-
tion capacity of soils and creates the density necessary for excess
outflow from the basin. If channel patterns are constant, then dis-
charge should be directly related to channel density because channel
flow usually dominates the basin response. Runoff intensity depends
to a large extent on drainage demsity (Melton, 1957). Mean annual
flood is usually related to Dg in the form Q3 3 Dé, where Q2.3 is
flood discharge equalled or exceeded on the average once in 2.3
vears, and indices of base flow are correlated to D4 (Orsborn,

1970; Trainer, 1969). Such static interpretations can give am-
biguous results if the same values of D3 are related to different
flow indices, and Gregory and Walling (1968) suggest an alterna-
tive method which considers the dynamic changes of Dq within a
given watershed. They indicate that total channel length (L),
which is directly related to Dy, increases with actual discharge
(Q) in the form Q o L2.

Drainage density has been shown to be related to the average
length of overland flow, soil moisture storage capacity, and rates
of surface runoff via canals. By serving as a general indicator
of volumes and flow rates, drainage density can be associated with
a characteristic retention time for a particular land use type
or entire drainage area. High values of the index are character-
ized by low retention times, and vice versa. Thus, the concept
of drainage density as a measure of land use intensity fits nicely
into the reservoir storage concept which has already been intro-
duced.

As discussed earlier, retention time also plays a key role
in determining nutrient loading and uptake rates. It follows that
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drainage density may serve as an indicator of nutrient levels
emanating from a watershed because of the close relationships with
retention time and land use. These effects are explored in more
detail in Chapter IV.

RELATIONSHIP WITH LAND USE

Man-made alterations to the natural drainage patterns are common
in regions where flat slopes and excessive rainfall create flooding
problems. Such drainage activities tend to be associated with urban
developments and high intensity agriculture. Citrus, cropland, and
improved pasture are usually characterized by an extensive system of
drainage canals, designed for water table control. Thus, drainage
density is tied closely to land use patterns, and represents a useful
index of land use intensity.

While other studies of drainage density have indicated the range
in values to be expected from one watershed to another (Gregory and
Walling, 1973), there has been very little work reported on variation
within a watershed due to land use modifications. The Kissimmee River
Basin has provided a useful study area because of the extremely flat
slopes, generally uniform soil types, and thé gradient of land use
intensity which extends from Lake Kissimmee to Lake Okeechobee.

The initial survey of land use practice in the Kissimmee River
Basin revealed a widespread shift to improved pasture condition from
the original native range and marsh condition. As reported in
Chapter III, the shift has been most pronounced in planning units
15 through 18, while 13 and 14 have remained in a relatively natural
condition. Land use data for the original survey were analyzed on
county highway maps (scale 1:126,720).

In order to obtain better estimates, a more detailed land use
analysis has been undertaken utilizing 1:24,000 aerial photographs
of the region, which correspond exactly to the U. S. Geological Sur-
vey quadrangle maps. The detailed survey revealed the necessity for
distinguishing another land use category, ditched improved pasture,
in addition to the others. The original survey only separated total
improved pasture and unimproved pasture. Results presented in Table
B.1 for major tributary systems depict not only an increase in the
percentage of improved pasture below PU 14, but, more importantly,

a major shift to ditched improved pasture in five of the seven
areas evaluated. The results of the land use survey also indicated
the need for more accurately determining the characteristics of the
major drainage patterns in each planning unit, with the intent of
explaining some of the observed nutrient loading rates.



Table B.1. Land Use Analysis of Kissimmee River Tributarics.
(Areas in Sq Mi and Percent)

Land Use Category

Planning Marsh Ditched
Unit & Crop Improved Unimproved & Improved Total Percent
Watershed Urban land Pasture Pasture Citrus Forest Swamp Pasture Area Sampled
(13)
0 0 2.07 6.76 0 .93 1.01 0 .
Ice Cream 0 0 19.2% 62.8 0 8.67  0.4% 0 60.34  17.87
Slough
(13)
0 0 1.12 1.68 0 .10 1.06  1.04 , .
Blanket Bay g 0 22.4Y 33.6Y 0 2.12  21.1% 20.87 26.32  18.9%
Slough
(1)
g:“:;liii“d & 0 0 3.14 9.06 0 .23 S.57 .77 58 85 10 07
v € 0 0 16.,7% 48.27 0 1.2%  29.7%  4.1% : Tets
Slough
(15) 0 0 .91 .04 0 0 48 .57 .
Oak Creek 0 0 45.7% 2.0% 0 0 24,17 28.6% 2.76 20.3%
(16)
0 0 2.30 1.39 0 ,01 1.31  2.25 .
Chandler 0 0 31.9% 19.3% 0 0.17 18.1% 31.1% 48.96 14.7%
Slough
coonrl) 0 0 3.68 3.36 0 46 3.96 5.24 67,30 2.8
ypre 0 0 22.1% 20.0% 0 2,77 23.7% 31.4% . 100
Creek
(17)
0 0 2.07 36 0 .18 1.42 L1 .
Yates 0 0 49.9% 8.8 0 4.3%  34.2%7  2.8% 21.91 18.9%

Marsh
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MEASUREMENT OF DRAINAGE DENSITY

The measurement of Dy is a time consuming effort because maps or
aerial photographs must be thoroughly searched for the total length
of drainage paths. Several techniques are available including (1)
the blue line method on U. $. Geological Survey Topographic Maps
(Horton, 1945), (2) the rapid line intersections method {Carlston
and Langbein, 1960}, and (3) the complete analysis of aerial photo-
graphs. The first two methods have the advantage of speed, but the
third method is decidedly more accurate.

The detailed measurement of drainage lengths and areas on 1972
Mark Hurd aerial photographs was greatly simplified by the use of
a Hewlett Packard Calculator (Model 9810) and Digitizer (Model 9864A),
which measures lengths to a resolution of 0.0l in. Areas are obtained
by integration on the calculator to a resolution of 0.0001 inZ2.
The analysis of land use areas on the 1:24,000 scale aerial photos
involves the use of 12 equally-spaced sample plots, in the shape of
circles with 3 in diameters, which are overlaid on each photograph.
The sample area represents from 15 to 25 percent of the total aerial
photograph area depending on the size of the watershed (see Table B.1).
The overall land use pattern is determined by summing all the sample
plot results for each subwatershed. The digitizer technique thus
provides a rapid and accurate estimate of drainage lengths and land
use areas from aerial photographs.

Measurements in the Kissimmee River Basin indicate the relative
accuracy of these techniques for selected subwatersheds. Table B.?Z
shows that for the relatively natural areas, the blue line map method
underestimates the value of D4 obtained from 1:24,000 aerial photo-
graphs. This is due to the fact that the quadrangel maps do mot in-
clude all of the drainage lengths contained on the aerials. Conversely,
the rapid line intersection method overestimates the value of D4 from
the aerials. This method involves drawing a line of known length (L)
in miles on a contour map and counting the number of streams (n) which
intersect the line. Dg (mi/sq mi) is then approximated by

Dd = 1.41 n/L (B.7)
Electronic scanning of aerial and infra-red photographs in order

to detect changes in film intensity has also been utilized (McCoy,
1971).

Giustl and Schneider (1962) compared maps of different dates and
scales for the Piedmont area, finding variation in D4 from 2.3 to 5.2
mi/sq mi and from 0.69 to 3.1 mi/sq mi at two different map scales.

The values ranged from 0.23 to 5.2 mi/sq mi on map scales from 1:250,000
to 1:24,000. Similarly, Selby (1968) showed in New Zealand that densities
of 5.4 mi/sq mi compared with densities of 2.8 from 1:15,840 scale maps.
Morisawa (1957) suggested, based on statistical analysis, that measur-

ing blue lines on topographic maps is inaccurate and should not be used
for watersheds less than 2.68 sq mi in drainage area. Similar inaccur-
acies apply in the Kissimmee River Basin where planning unit areas

range from 45 to 223 sq mi.
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Table B.2. Drainage Density Measurements in the Kissimmee River
Basin (Mi/Sq Mi).

Planning Unit Planning Unit Lower

13 14 Basin
Scale (1:24,000)
Line Intersection Map Method 1.62 2.10
Blue Line Map Method 1.07 0.64
Aerial Photographs 1.41 1.17 1.82
Scale (1:126,720)
County Road Maps 1.19 1.06 1.12
Scale (1:250,000)
USGS Maps 0.62 0.44 0.45

One of the main sources of map error, then, is the definition of
stream length as compared to an associated aerial photograph. Drummond
(1974) reviews the standards for including perennial and intermittent
streams on topographic maps of various United States agencies. The
U. 5. Geological Survey includes all of those streams up to 1000 ft
from the divide, and greater than 2000 ft in length for intermittent
reaches. No length limitations are provided for perennial streams,
Standards used by various agencies are presented in Table B.3.

Map scale has a significant effect on the value of Dg in the study
area. Table B.2 shows that the larger the map scale, the lower the
predicted level of Dg because drainage detail is sacrificed as map
scale is increased. 1In addition, the county highway maps (1:126,720)
do not give a proper indication of the differences in D4 for planning
units along the river when compared to the 1:24,000 scale results. It
appears that the 1:24,000 scale aerial photographs provide the most
accurate measure of the drainage network. Because 1972 Mark Hurd aerials
were available for the entire Kissimmee River Basin, it was decided to
use them to analyze Dq in detail. The aerials correspond to U. S.
Geological Survey quadrangle maps of the region, and a list of these
along with map dates is presented In Table B.4.

The actual measurement technique distinguishes among natural,
modified natural, and man-made drainage paths only in the accounting.
No attempt is made to separate hydraulic or nutrient loading capabili-
ties. Drainage lengths which are measured include natural sloughs,
tributaries, channels, and agricultural or urban drainage canals.
Marsh, swamp, and pond areas are not specifically included unless they
are part of a defined drainage path. Typical areas are shown schema-
tically in Figure B.3.

Final results of analyzing the tributaries in the lower basin of
the Kissimmee River are presented in Table B,5, Figure B.4 shows the



Table B.3.

Standards for

TInclusion of Streams on Topographic Maps

of U.S. Mapping Agencies,

Perennial

Headwaters

Intermittent

Mz He vl aters

Agency Basic Minimum Stream Termination Dusiv Strewn Length Tenminatin
Basic Scales (> 1:75,000) Inclusinn Channel Length (geronnd } Inchsion Channel L Gronimd } \Ground
LDate of [niormation Criteria Criterin {gronml) {map) {map) Criteria Criters { Map) {Map)
V.5, Geological Survey All Established No 1,000 t'eat All “IIry Wash” 2,000 Fert 1000 Freet
1:24.000—1:31,680—1:45,000 T'erennial Channels Limitatioms from Iutennittent Inclusion in from Divide
1569 —1:62,500—1:63,360 Sireams . a5 to Length Divide Streiuns Arid Areas
U.S. Arny Tapographio All Nonnal Flow Lo [nrh {Well- 4% Inch
Command Perennial Channels Are Watcrud Arcas) from Maxunum Natmal Flow i Tnch (Welj- i Inch
1:12.500—1:25,000—1:50,000 Strears Shown 4 Inch Divide Number of Channels Are Watered Areas) froin
1550 . (Aricl Areas) Dhrainage Shown Ly Iach Divide
Features {Arul Areas)
Tennessee Valley Authority Wat 1Yisline Establislicd 1,000 Feet 1,000 Feet
1:24,000 gaished fram Channels from Wot Distin- Established 1,000 Feet 1,000 Fret
1970 Internittent Divide guwished troam Chaancls from Divide
Streams Perenninl Streams
Bureau rf Land Management All Established No e Every Estahilished 19 Mile J—
1:31,650—1:63,360 Flowing Channels Limitalinng Chaunneled Channels and
970 Streams as to Lengih Stream Washes
Furest Service All Established Notn —_— —_— All Nata —
1.21,00Q Flowing Channels Limiting Established Laumitiug
1970 . Streams Clriterion Channels Coterion
Suil Conservation Service All : Adl 1 Inch To Some All 14 Inch Tn
1:15,640—1:20,000-—1:24,000 Perennial Channeled Snurce Nonchanneled Established Sonfce
1563 Strecins Streans of Streain Dramake Shown Channels of Stream
Choast anid Geodetie Survey All Estalilished Neo 1,000 Feet
L:40,00—1:50.000—1:51,000 Perenninl Channels Limnitations from —_ Established 2,000 Fert 1,0%1i) Feet
1069 Streams as Lo Length Divide Channels from Divide
(heanograshic Office Aid o Navigable Streaons: Ner e
Dept. of the Navy Nuovigation to Lt of Naviea- Linsitations Aicd ta Naonaavigable No v
Various Scales tion; Nonnavigable as to Length Nuvigation Streams: Linutatings
1970 Streams: Linuted to Limited 10 Naw- as tu Length
Navigalion Aids igation Aids
L.ake Survey Center Any 34 Inch To — Any 1.6 lnch (Well- _
Iept. of Conmerce (since 1970) Perennial Permanent ( Well-\¥ntered Stream Permanent Watered Areas)
Vasious Scales [rom 112,500 Streains Channel Areas) Source Chanpel 1, Inch

1970

{ Arul Arcas)

(From Drummond, 1974,

pP. 35-36.)



260

Table B.4, List of USGS Quadrang'e Maps for the Kissimmee River Basin?

USGS Quad Name

Winter Garden
Orlando East
Orlando West

Lake Louisa
Windermere

Lake Jessamine
Pine Castle
Narcoossee NW
Lake Louisa SW
Intercession City
Kissimmee

St. Cloud N
Narcoossee
Narcoossee SE

Gum Lake
Davenport

Lake Tohopekaliga
St. Cloud S
Ashton

Holopaw

Dundee

Lake Hatchineha
Cypress Lake
Holopaw SW
Holopaw SE

Lake Wales
Hesperides

Lake Weohvakapka KE
Lake Marian NW
Lake Marian NE
Babson Park

Lake Weohyakapka
Lake Weohyakapka SE
Lake Marian SW
Lake Marian SE
Lake Arbuckle NE
Fort Kissimmee NW
Fort Kissimmee NE
Fort Drum NW

Lake Arbuckle SE
Fort Kissimmee
Fort Kissimmee SE
Fort Drum SW
Lorida

Basinger NW
Basinger

Date

1956
13956
1956
1959
1953
1953
1953
1953
1959
1953
1953
1953
1953
1953
1959
1953
1953
1953
1953
1953
1953
1953
1953
1953
1953
1952
1952
1952
1953
1953
1952
1952
1952
1953
1953
1952
1952
1953
1953
1952
1952
1953
1953
1952
1953
1953

Date

Revised

1970

1970

1970
1970
1970
1870

1970

Planning Units
Included

(98]
-

W b M2
v e o
Cvln bt N o~ B P o R W D

w e v e ow

H O O W WO N Qo ~d ~ g P~

10,12
10,12,13
10,13
10,11,13
13,14
13,14
13,14

14

14

14,15
14,15,16
14,16

15

15

15,16
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USGS Quad Name

Taylor Creek NW
Basinger SW
Fort Basinger
Taylor Creek SW
Brighton
Okeechobee NW
Okeechobee

Date

1953
1953
1953
1953
1953
1953
1953

Date Planning Units

Revised Included

16,17
15,16
16,17,18
16,17
17,18
17,18
18

aCorresponding Mark Hurd aerial photographs (1%72-73 edition)
available from Mark Hurd Aerial Surveys, Inc., 345 Pennsylvania

Ave.

So., Minneapolis, Minn. 55426,
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Figure B.3. Schematic of Land Use and Measured Drainage Density.



Table B.5. Drainage Density in the Lower Kissimmee River Basin.

Planning Unit Drainage Characteristics Drainage
& Watershed {length (L) in mi, area (A) in sq mi, drainage density (Dd) in mi/sq mi) Density
Manmade Modified Natufal Natural
(13) L = 5,21 L = 73.43 L= 11.52
Ice Cream A = 0.23 A = 60.11. 1.49
Slough Dd = 22,65 Dd = 1.41
13 L = 290.64 L = 168.50 L = 42.14
A = 9.37 A = 136.96 3.4298
Dd = 31.02 Dd = 1.54
14 L = 408.03 L = 103.87 L = 145,39
A = 12.51 A = 212.47 2.928
Dd = 32.62 Dd = 1.17
15 L = 205.93 L= 74.76 L = 36.36
A 7.09 A = 60.65 4.928
Dd = 29,04 Dd = 2,15
(16) L = 381.9¢6 L= 45,73 L= 28.54
Chandler A = 14.49 A = 34.47 9.32
Slough Dd = 26,36 Dd = 2.15
{16) L = 739.67 L = 101.50 L= 49,69 a
Cypress Creek A = 34.25 A = 82,00 7.65
and Chandler D, = 21.59 D, = 1,84
d d
Slouph
(17E) L = 135.10 L = 41.83 L = 36.53 b
Yates A = 4,75 A = 38,92 4,89
Marsh Dd = 28.44 Dd = 2.01
(17W) L = 94,25 L = 26.47 L = 1.75 b
Maple A = 4,58 A = 10.93 7.90
River Dd = 20.60 Dd = 2.58

a . ,
Denotes value for planning unit.

bAverage D

d

for PU 17 = 5.68 mi/sq mi.
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Figure B.4. Tributaries in the Lower Kissimmee River Basin.
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respective locations of these subwatershed areas. Man-made

densities range from 18 to 33 mi/sq mi and include only those areas
which have been intensively ditched for improved pasture, citrus,
crops, or urban use. The modified natural category includes natural
range, forest, and marsh areas which may have been partially channel-
ized by connecting ponds or sloughs together, Natural densities range
from 1.2 to 2.6 mi/sq mi and include all areas of natural drainage
devoid of any channel modifications.

The overall average drainage densities combine the three drainage
types into a single index for a given planning unit or slough system.
Planning unit values range from 2.92 to 7.65 mi/sq mi while individual
sloughs range from 1.49 to 9.32 mi/sq mi. Those areas dominated by
ditched improved pasture tend to have the highest drainage densities,
and these are schematically presented for each planning unit in Figures
B.5 through B.9. As one proceeds north from Lake Okeechobee, a definite
break-point occurs in the plot of total drainage length versus drainage
area, indicating that regions south of S65-C have higher drainage
densities (Figure B.10). The values range from 3.33 mi/sq mi to
5.88 mi/sq mi.

The range in measured values of drainage density in the Kissimmee
River Basin compares favorably with other values reported for water-
sheds in the eastern United States where the average is 4.0 mi/sq mi.
These are at the low end of the spectrum compared to drainage densities
in arid regions, which range from 10 to 100 mi/sq mi (Figure B.11).
Further data are available on drainage densities in other parts of
the Lake Okeechobee basin as well (Gatewood and Bedient, 1975).

SUMMARY

Accurate measurements of drainage density were made for the Lower
Kissimmee River Basin through the use of a digitizer to obtain stream
lengths and catchment areas from recent aerial photos. Computed values
for natural areas ranged from 1.17 to 2.58 mi/sq mi,
placing them in a range characteristic of humid areas with low relief.
Agricultural and other areas showed order of magnitude increases over
the natural values.

Drainage density is thus likely to be a strong indicator of the
effect of modifications of the natural environment. Interrelationships
with both water quantity and water quality are discussed in Chapter IV.
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Figure B.9. Drainage Map of Planning Unit 17.
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